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Table 1.1. Radiological Data

This table contains radiological decay data for the radionuclides considered in this manual. The
data includes half-life (in days and hours), the mean life (in hours), and the radiological decay

constant (in days™ and hours™).

Decay Decay
Half-Life ® (T+) | Half-Life * (T4.) |Mean Life® (T.,)| Constant®(A) | Constant® (A)

Radionuclide (days) (hours) (days) (days™) (hours™)
*H 4.51x10° 1.08x10° 6.50x10° 1.54x10™ 6.41x10®
"c 2.09x10° 5.02x10" 3.02x10° 3.31x107 1.38x10°
“Na 9.50x10° 2.28x10* 1.37x10° 7.30x10™ 3.04x10°
*Na 6.25x10™ 1.50x10" 9.02x10™ 1.11 4.62x10%
2p 1.43x10' 3.43x10? 2.06x10" 4.85x107 2.02x1073
®p 2.54x10" 6.10x10? 3.66x10" 2.73x107 1.14x10°
g 8.74x10" 2.1x10° 1.26x10? 7.93x10° 3.30x10™
e 1.10x10® 2.64x10° 1.59x10° 6.31x10° 2.63x10™"°
K 4.67x10" 1.12x10" 6.74x10" 1.48x1072 6.18x10"
2K 5.15x10"" 1.24x10" 7.43x10" 1.35 5.61x10?
*Ca 1.63x10? 3.91x10° 2.35x10? 4.25x10° 1.77x10™
3¢ 8.38x10" 2.01x10° 1.21x10? 8.27x107° 3.45x10™
T 1.73x10* 4.14x10° 2.49x10* 4.01x10° 1.67x10®
By 1.62x10" 3.90x10? 2.34x10" 4.27x107 1.78x10°
¥cr 2.77x10" 6.65x10? 4.00x10" 2.50x1072 1.04x10®
*Mn 3.13x10? 7.50x10° 4.51x10° 2.22x10° 9.24x10°
**Mn 1.07x10™ 2.58 1.55x10"" 6.45 2.69x10™
*Fe 9.86x10° 2.37x10* 1.42x10° 7.03x10™ 2.93x10°
%Co 7.08x10" 1.70x10° 1.02x10? 9.79x10™% 4.08x10™
*Fe 4.45x10" 1.07x10° 6.42x10" 1.56x107 6.49x10™
®Co 1.92x10° 4.62x10* 2.78x10° 3.60x10™ 1.50x107
N 3.50x10* 8.41x10° 5.06x10* 1.98x107 8.24x107
¥Cu 5.29x10™ 1.27x10' 7.63x10™ 1.31 5.46x102
%Zn 2.44x10? 5.85x10° 3.52x10? 2.84x10° 1.18x10
®Ga 4.72x102 1.13 6.81x107 1.47x10' 6.12x10™
®Ge 2.88x10° 6.91x10° 4.15x10° 2.41x10° 1.00x10™
*se 1.20x10? 2.88x10° 1.73x10? 5.79x107 2.41x10™
BKr 3.91x10° 9.39x10* 5.64x10° 1.77x10* 7.38x10°
oMKy 1.87x10™ 4.48 2.69x10™ 3.71 1.55x10™
¥Kr 5.30x107 1.27 7.64x107 1.31x10' 5.45x10™
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Table 1.1. Radiological Data (continued)

Decay Decay Constant

Half-Life ® (T4,) |Half-Life ® (T4.)| Mean Life® (T.,)| Constant® (A) °(A)
Radionuclide (days) (hours) (days) (days™) (hours™)
BKr 1.18x10™ 2.84 1.71x10™ 5.86 2.44x10"
*Rb 1.87x10" 4.48x10? 2.69x10" 3.71x10% 1.55x10°
¥Rb 1.72x10+13 4.12x10+14 2.47x10+13 4.04x107'4 1.68x1075
®Rb 1.24x107 2.97x10" 1.78x10 5.61x10" 2.34
89gr 5.05x10" 1.21x10° 7.29x10" 1.37x10 5.72x10™
Ogr 1.06x104 2.55x10° 1.53x104 6.52x10° 2.72x10®
'Sr 3.96x10™ 9.50 5.71x10™ 1.75 7.30x1072
Oy 2.67 6.40x10" 3.85 2.60x10™ 1.08x107
oy 5.85x10" 1.40x10° 8.44x10" 1.18x10 4.94x10™
otmy 3.45x107 8.29x10™ 4.98x107 2.01x10" 8.37x10"
%zr 5.58x10° 1.34x10" 8.06x10° 1.24x10° 5.17x10"1
%zr 6.40x10" 1.54x10° 9.23x10" 1.08x1072 4.51x10™
77r 7.04x10™ 1.69x10" 1.02 9.84x10™ 4.10x102
*Nb 7.41x10° 1.78x10® 1.07x107 9.35x10°® 3.90x10°
®Nb 3.52xx10' 8.44x102 5.07x10' 1.97x10 8.22x10™
“Mo 2.75 6.60x10' 3.97 2.52x10™ 1.05x1072
Tc 7.77x107 1.87x10° 1.12x10° 8.92x107 3.71x10™"°
9mTe 2.51x10™ 6.02 3.62x10™ 2.76 1.15x10™
'%Ru 3.93x10" 9.43x10° 5.67x10' 1.76x10 7.35x10™
%Ru 1.85x10™ 4.44 2.67x10" 3.75 1.56x10™
1%°Ru 3.68x10? 8.84x10° 5.31x10? 1.88x10 7.84x107
'%Rh 1.47 3.54x10' 2.13 4.70x10™ 1.96x1072
'%Rh 3.46x10™ 8.31x107 4.99x10 2.00x10° 8.35x10"
MomAg 2.50x10? 6.00x10° 3.61x102 2.77x10° 1.16x10™
1%¢d 4.64x10° 1.11x10* 6.69x10° 1.49x10° 6.22x107
mcd 4.96x10° 1.19x10° 7.16x10° 1.40x10™ 5.82x10®
MM 4.95x10" 1.19x10° 7.14x10' 1.40x107? 5.83x10™
"35n 1.15x10? 2.76x10° 1.66x10? 6.02x10° 2.51x10™
'233n 1.29x10? 3.10x10° 1.86x10° 5.36x10° 2.24x10™
'%°3n 3.65x107 8.76x10° 5.27x107 1.90x10° 7.91x107°
'*3b 6.02x10" 1.44x10° 8.69x10" 1.15x1072 4.80x10™
'2°3b 1.24x10" 2.98x10? 1.79x10" 5.59x102 2.33x10°
126mgp 1.32x1072 3.17x10" 1.90x102 5.25x10" 2.19
'273b 3.85 9.24x10" 5.55 1.80x10™ 7.50x107
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Table 1.1. Radiological Data (continued)

Decay Decay Constant

Half-Life ® (T4,) |Half-Life ® (T4.)| Mean Life® (T.,)| Constant® (A) °(A)
Radionuclide (days) (hours) (days) (days™) (hours™)
'2°Sb 1.80x10" 4.32 2.60x10™ 3.85 1.60x10™"
“"Te 3.90x10"" 9.35 5.62x10" 1.78 7.41x107
12T Te 1.09x10? 2.62x10° 1.57x10? 6.36 2.65x10™
12%Te 4.83x107 1.16 6.97x107 1.43x10" 5.98x10™
129mTe 3.36x10" 8.06x10? 4.85x10' 2.06x107? 8.60x10™
¥Te 1.74x1072 4.17x10™ 2.50x107 3.99x10' 1.66
1¥imTe 1.25 3.00x10' 1.80 5.55x10" 2.31x107
32Te 3.26 7.82x10" 4.70 2.13x10™ 8.86x107
125 6.01x10' 1.44x10° 8.68x10" 1.15x10 4.80x10™
) 5.73x10° 1.38x10" 8.27x10° 1.21x107° 5.04x10™"2
3 8.04 1.93x102 1.16x10" 8.62x107 3.59x10
1% 9.58x102 2.30 1.38x10" 7.23 3.01x10™
) 8.67x10" 2.08x10" 1.25 8.00x10 3.33x107
134 3.65x107 8.77x10" 5.27x107 1.90x10' 7.91x10"
139) 2.75x10" 6.61 3.97x10" 2.52 1.05x10™
131mxe 1.19x10" 2.86x10° 1.72x10' 5.82x1072 2.43x10°
Bxe 5.25 1.26x10° 7.57 1.32x10™ 5.51x10™
133mxe 2.19 5.25x10" 3.16 3.17x10™ 1.32x107
3%e 3.79x10™ 9.09 5.46x10™ 1.83 7.63x10
135mxe 1.06x10” 2.55x10™ 1.53x10” 6.53x10" 2.72
3xe 9.84x107° 2.36x10™ 1.42x107 7.04x10" 2.93
%cs 7.53x10? 1.81x10* 1.09x10° 9.21x10™ 3.84x10°
35Cs 8.40x10° 2.01x10" 1.21x10° 8.26x10710 3.44x10™"
13%Cs 1.31x10" 3.14x10? 1.89x10' 5.29x107 2.20x10°®
Cs 1.10x10* 2.63x10° 1.58x10" 6.33x10° 2.64x10®
%Cs 2.24x102 5.37x10"" 3.23x102 3.10x10" 1.29
'*Ba 3.92x10° 9.41x10* 5.66x10° 1.77x10* 7.37x10°
37MBg 1.77x10° 4.25x1072 2.56x10° 3.91x10? 1.63x10'
49Bg 1.27x10" 3.06x10° 1.84x10" 5.44x107 2.27x10°
140 5 1.68 4.03x10' 2.42 4.13x10™ 1.72x107
Ce 3.25x10" 7.80x10? 4.69x10" 2.13x1072 8.89x10™
"3Ce 1.38 3.30x10' 1.98 5.04x10™ 2.10x107
"ice 2.84x10? 6.82x10° 4.10x10? 2.44x10° 1.02x10™
“3pr 1.36x10' 3.25x102 1.96x10" 5.11x107 2.13x10®
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Table 1.1. Radiological Data (continued)

Decay Decay Constant

Half-Life ® (T4,) |Half-Life ® (T4.)| Mean Life® (T.,)| Constant® (A) °(A)
Radionuclide (days) (hours) (days) (days™) (hours™)
“pr 1.20x1072 2.88x10”" 1.73x1072 5.78x10" 2.41
144mpr 5.00x10° 1.20x10™ 7.21x10° 1.39x10? 5.78
“Pm 6.46x10° 1.55x10° 9.32x10° 1.07x10™ 4.47x10°
"“Nd 1.10x10" 2.64x10? 1.58x10" 6.31x107 2.63x10°
“'Pm 9.58x10? 2.30x10* 1.38x10° 7.24x10™ 3.02x10°
*'Sm 3.87x10" 9.29x10™ 5.58x10" 1.79x10™ 7.46x10™®
¥'Sm 3.29x10* 7.88x10° 4.74x10* 2.11x107 8.79x107
92Ey 4.87x10° 1.17x10° 7.02x10° 1.42x10™ 5.94x10°
ey 3.21x10° 7.71x10* 4.63x10° 2.16x10™ 8.99x10°
=T 1.81x10° 4.34x10* 2.61x10° 3.83x10™ 1.60x10®
%Gd 2.42x10? 5.81x10° 3.49x10? 2.86x10° 1.19x10™
Tp 7.23x10" 1.74x10° 1.04x10? 9.59x107 3.99x10™
1%8MHo 4.38x10° 1.05x10"7 6.32x10° 1.58x10® 6.59x107
"Tm 1.29x10? 3.09x10° 1.86x10? 5.39x107 2.25x10™
%%y 3.20x10' 7.68x10° 4.62x10' 2.17x10? 9.02x10™
T2t 6.83x10° 1.64x10* 9.85x10? 1.02x107 4.23x10°
O1Hf 4.24x10" 1.02x10° 6.12x10" 1.63x1072 6.81x10™
182Ta 1.15x10? 2.76x10° 1.66x10? 6.03x10° 2.51x10™
187\y 9.96x10™ 2.39x10" 1.44 6.96x10™ 2.90x107
192) 7.40x10' 1.78x10° 1.07x10? 9.36x10° 3.90x10™
AU 2.70 6.47x10" 3.89 2.57x10™ 1.07x10
2%Hg 4.66x10" 1.12x10° 6.72x10" 1.49x1072 6.20x10™
2007 1.38x10° 3.31x10* 1.99x10° 5.03x10™ 2.09x10°
2%pp 8.14x10° 1.95x10° 1.17x10* 8.52x10° 3.55x10°
207g; 1.39x10* 3.33x10° 2.00x10* 5.00x107 2.08x10°®
210 5.01 1.20x10° 7.23 1.38x10™ 5.76x10”
1% 1.38x10? 3.32x10° 2.00x10? 5.01x10° 2.09x10™
“Ra 5.84x10° 1.40x107 8.43x10° 1.19x10°® 4.95x10®
2Ine 7.95x10° 1.91x10° 1.15x10* 8.72x10° 3.63x10®
X 2.55x10™ 6.13 3.68x10™ 2.71 1.13x10™
#1Th 1.87x10" 4.49x10? 2.70x10" 3.70x102 1.54x10°
#25Th 6.98x10° 1.68x10* 1.01x10° 9.93x10™ 4.14x10°
20Th 2.81x10" 6.75x10° 4.05x10’ 2.47x10® 1.03x10™®
Z1Th 1.06 2.55x10" 1.53 6.52x10" 2.72x107
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Table 1.1. Radiological Data (continued)

Decay Decay Constant
Half-Life ® (T4,) |Half-Life ® (T4.)| Mean Life® (T.,)| Constant® (A) °(A)
Radionuclide (days) (hours) (days) (days™) (hours™)
*2Th 5.13x10" 1.23x10" 7.40x10" 1.35x10™"° 5.63x10™"°
24 Th 2.41x10" 5.78x10? 3.48x10" 2.88x107 1.20x10°
21pg 1.20x10" 2.87x10° 1.73x10’ 5.80x107 2.42x10°
28pgy 2.70x10" 6.48x10° 3.90x10" 2.57x10% 1.07x10®
22y 2.63x10* 6.31x10° 3.79x10* 2.64x10° 1.10x10®
23y 5.79x10" 1.39x10° 8.35x10" 1.20x10® 4.99x10™"°
el 8.92x107 2.14x10° 1.29x10° 7.77x10° 3.24x107"°
25y 2.57x10" 6.17x10" 3.71x10" 2.70x10™" 1.12x107°
26y 8.55x10° 2.05x10" 1.23x10"° 8.11x10™ 3.38x10™
28y 1.63x10" 3.91x10™ 2.35x10" 4.25x107"° 1.77x10™
Z"Np 7.81x10° 1.87x10" 1.13x10° 8.87x10° 3.70x10™"
“Np 2.36 5.65x10' 3.40 2.94x10" 1.23x107
26py 1.04x10° 2.50x10* 1.50x10° 6.66x10™ 2.78x10°
28py 3.20x10* 7.69x10° 4.62x10* 2.16x10° 9.02x107
29py 8.78x10° 2.11x10° 1.27x10" 7.89x10° 3.29x107
*py 2.39x10° 5.73x10" 3.44x10° 2.91x107 1.21x10°®
#1py 5.26x10° 1.26x10° 7.58x10° 1.32x10 5.49x10°
#2py 1.37x10® 3.30x10° 1.98x10° 5.05x10° 2.10x10™"°
#1Am 1.58x10° 3.79x10° 2.28x10° 4.39x10° 1.83x107
242mAm 5.55x10* 1.33x10° 8.00x10* 1.25x10° 5.21x107
23Am 2.69x10° 6.46x10" 3.89x10° 2.57x107 1.07x10®
#2Cm 1.63x10? 3.91x10° 2.35x10? 4.26x10° 1.77x10™
*Cm 1.04x10* 2.50x10° 1.50x10* 6.66x10° 2.78x10®
#4Cm 6.61x10° 1.59x10° 9.54x10° 1.05x10™ 4.37x10°
#5Cm 3.10x10° 7.45x107 4.48x10° 2.23x107 9.31x10°
292Ccf 9.63x10? 2.31x10* 1.39x10° 7.20x10™ 3.00x10°

Source: Based on data from EPA93 Table A.1.
®  Mean Life (Tm)=1/A=Ty/(In2).
Radioactive Decay Constant (A) = (In 2) / T4,
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1.1
Table 2.1. Dose Limits for Workers Performing Emergency Services
Other Organ,
TEDE Lens of Eye Thyroid, Skin
Dose Limit® Dose Limit Dose Limit
(mrem) (mrem) (mrem) Activity Condition
5,000 15,000 50,000 All.
10,000 30,000 100,000 Protecting valuable property. Lower dose not
practicable.
25,000 75,000 250,000 Life saving or protection of Lower dose not
large populations. practicable.
>25,000 >75,000 >250,000 Life saving or protection of Only on a voluntary

large populations.

basis by persons fully
aware of the risks
involved (see Tables
2.2 and 2.3).

Source: EPA92, Table 2-2

& Sum of external EDE and CEDE to nonpregnant adults from exposure and intake during an emergency
situation. These limits apply to all doses from an incident, except those received in unrestricted areas as
members of the public during the Intermediate Phase of the incident (see Chapters 3 and 4 in Volume 1).
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Table 2.2.  Health Effects Associated with Whole-Body Absorbed Doses Received Within a
Few Hours
Whole-Body Early Fatalities™® Whole-Body Prodromal Effects® °
Absorbed Dose (rad) (percent) Absorbed Dose (rad) (percent affected)
140 5 50 2
200 15 100 15
300 50 150 50
400 85 200 85
460 95 250 98

Source: EPA92, Table 2-3

@ Risks will be lower for protracted exposure periods.
b Supportive medical treatment may increase the dose where these frequencies occur by

approximately 50 percent.

°  Forewarning symptoms of more serious health effects associated with large doses of radiation.
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Table 2.3.  Cancer Risk to Average Individuals from 25 rem Effective Dose Equivalent

Delivered Promptly

Approximate Risk of Premature
Death Average Years of Life Lost if
Age at Exposure (deaths per 1,000 persons Premature Death Occurs

(years) exposed) (years)

20 to 30 9.1 24

30to 40 7.2 19

40 to 50 5.3 15

50 to 60 3.5 11

Source: EPA92, Table 2-4
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Table 3.1. Early Health Effects from Exposure to Radiation

Organ Dose Threshold Early Health Effects®
Bone Marrow .
(hematopoietic syndrome) 50 rad (0.5 Gy) Marrow depression

. 50 rad (0.5 Gy) Vomiting
(Sgr;]:t"rcl)inr:?esglt?neal syndrome) 100 rad (1 Gy) Diarrhea

800 rad (8 Gy) Lethality
Skin 200 rad (2 Gy) Transient erythema
Thyroid 300 rad (3 Gy) Hypothyroidism
600 rad* (6 Gy*) "

Lung (includes RBE for alpha radiation) | T~ neumonitis
Bone 1000 rad (10Gy) Osteonecrosis

Source Me95
® The lung doses include an RBE of 10 applied to the high LET (alpha) DCFs

FRMAC Assessment Manual, Volume 2 10
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Table 3.2. Early Phase PAGs

Protective Action

PAG(Pep)
Projected Dose

Comments

Evacuation®
(or sheltering)

1-5 rem TEDE"
5-25 rem thyroidb
50-250 rem skin®

Evacuation (or for some situations,
sheltering®) should normally be initiated at 1
rem.

Administration of
stable iodine

25 rem®
(25,000 mrem)

Requires approval of state medical officials.

Source: EPA92, Table 2-1

a

Sheltering may be the preferred protective action when it provides protection equal to or greater than
evacuation, based on consideration of factors such as source-term characteristics and temporal or other

site-specific conditions.

The sum of the EDE resulting from exposure to external sources and the CEDE incurred from all
significant inhalation pathways during the early phase. CDE to the thyroid and to the skin may be 5 and

50 times larger, respectively.

CDE to the thyroid from radioiodine.

FRMAC Assessment Manual, Volume 2
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Table 3.3. Inhalation Dose Conversion Factors

Purpose: For simplicity, the DCFs are provided in terms of mrem acquired in 1 hour breathing
an air concentration of 1 uCi/m’. To arrive at these DCFs, the breathing rate of an adult

performing light activity (1.2 m’/hr) was assumed as recommended by EPA88. The thyroid dose
is the CDE to the thyroid from radioiodine. The early bone and early lung DCFs are for dose
absorbed for 30 days after the nuclide has been inhaled. CEDE (DCF. s¢) is the committed dose
for 50 years. The daughters are included in all the inhalation doses. The lung class giving the
highest dose was assumed except for UFs. Method M.3.10 can be used to calculate DCFs for
nuclides not listed or for different assumptions.

50-Year Dose Equivalents Early (30-Day) Absorbed Doses
DCF¢s0i | DCFrhyroia),50i| DCFraiEi DCFrrewm).ei | DCFrthyroia)ei | DCFrgung)Ei
Thyroid Small Red Bone
CEDE® CDE® Intestine® Marrow® Thyroid® Lung®
mrem/hr | mrem/hr mrad/hr mrad/hr mrad/hr mrad/hr

Nuclide i nCi/m’ nCi/m’ nCi/m* nCi/m* pCi/m* nCi/m*
ey 1.15x10™ 1.15x10™ 1.01x10™ 1.01x10™ 1.01x10™ 1.01x10™
“c 2.50 2.50 1.79x10™ 5.55x107 5.55x107 3.87x10'
“Na 9.19 7.10 3.82 5.37 3.58 3.40

*Na 1.45 6.79x10™ 4.88x10" 6.62x10™" 5.37x10"" 5.95x10™
¥p 1.86x10' 1.50 1.05 6.88 6.79x10™ 9.06x10'
p 2.78 2.25x10™ 1.33x10™ 3.45x10” 9.15x107 4.40x10'
s 2.97 2.02x10™ 1.31x10™" 9.77x10° 9.77x10° 3.45x10"
el 2.63x10" 2.24 7.77x107 7.68x10™ 7.68x10™ 1.03x10?
K 1.48x10' 1.36x10' 3.83 3.74 3.74 3.81

2K 1.63 4.66x10" 3.46x10™ 3.29x10™ 3.32x10™ 4.88x10™"
*Ca 7.95 1.99x10™ 2.18x10™ 3.70x10™ 2.59x1072 5.68x10"
3¢ 3.56x10" 8.97 2.53 2.42 1.65 9.86x10'
“Ti 1.22x10° 1.64x10? 3.60 3.14 2.18 2.00x10?
By 1.23x10' 2.45 3.19 2.54 1.54 4.93x10'
¥cr 4.01x10™ 4.80x107 4.93x107 3.72x107 2.49x1072 4.71x10™
*Mn 8.04 3.29 1.14 1.45 8.26x10™ 7.73

%Mn 4.53x10™ 5.33x1072 4.48x10" 9.32x1072 5.42x1072 1.78x10™"
*Fe 3.22 2.41 3.45x107 2.06x10™ 2.80x1072 2.81x1072
®Co 1.31x10' 3.87 1.19 1.21 8.08x10™ 2.56x10"
*Fe 1.78x10' 1.31x10' 3.52 6.57 2.32 2.92

®co 2.62x10° 7.19x10" 3.04 3.19 2.27 1.05x10?
N 7.55 7.55 1.40x10™ 1.40x10™ 1.40x10™ 4.84

fcu 3.32x10" 2.21x107 1.82x10™ 2.66x107 2.09x107 2.81

FRMAC Assessment Manual, Volume 2 12
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Table 3.3. Inhalation Dose Conversion Factors (Continued)
50-Year Dose Equivalents Early (30-Day) Absorbed Doses
DCF_ soi DCFr(thyroid),50i | DCFrici.ei | DCFrrem)Ei | DCFrthyroid)ei | DCF1(ung)Ei
Thyroid Small Red Bone
CEDE? CDE® Intestine® | Marrow® Thyroid® Lung®
mrem/hr mrem/hr mrad/hr | mrad/hr mrad/hr mrad/hr
Nuclide i pCi/m’ pCi/m’ pCi/m* | pCi/m’ nCi/m’ nCi/m’
Zn 2.45x10" 1.34x10' 6.84x10” 7.46x10™ 5.19x10” 7.68
®Ga 1.66x10™ 1.67x1072 1.79x10™ 2.48x1072 1.85x107 1.19x10™
®Ge 6.22x10' 3.06 6.70x10™ 1.27 1.01 1.61x10?
®se 1.02x10" 3.73 6.44x10” 6.04x10™ 4.18x10" 1.09x10'
8Kr NC NC NC NC NC NC
Bmyr NC NC NC NC NC NC
8Kr NC NC NC NC NC NC
8Kr NC NC NC NC NC NC
®Rb 7.95 5.91 2.66 5.06 2.63 2.73
¥Rb 3.88 3.18 6.57x10” 1.29 6.57x10™ 7.41x10”
®Rb 1.00x10™ 6.08x10 1.26x10% | 7.73x107 7.73x107 1.39x10™
8gr 4.97x10' 3.53x107 1.69 7.95x107 6.93x10° 1.41x10?
Ogr 1.56x10° 1.19 1.00 1.61x10" 1.27x10% 3.01x10?
sy 1.99 4.28x107 1.47 8.61x107 4.36x107 6.44
Dy 1.01x10’ 2.30x10 2.36 5.42x10 1.87x10™ 3.47x10"
oy 5.86x10" 3.77x10% 1.76 3.80x107 3.57x10° 1.47x10?
otmy 4.36x1072 2.23x10 1.71x10% | 4.02x107 3.00x107 1.26x10™
87y 3.85x10° 7.73x107 4.75x10% | 7.46x10" 2.36x1072 2.85x107
®7r 2.84x10' 6.39 1.95 7.41 1.19 1.32
7y 5.19 1.03x10"" 2.97 2.07x10™ 1.01x10™ 1.69x10'
%“Nb 4.97x10° 9.86x10' 2.34 2.22 1.49 1.21x10?
*Nb 6.97 1.59 9.50x10" | 8.61x10" 5.68x10" 3.63x10'
*Mo 475 6.75x10 1.19 9.15x1072 4.84x107 2.66x10"
®Tc 9.99 4.75 2.71x10™ 1.70x107 5.42x10™ 7.28x10"
omTe 3.91x1072 2.22x10™ 1.58x102 | 7.41x10° 1.74x10™ 2.09x107
%Ru 1.07x10" 1.14 8.44x10™ 5.68x10"" 3.70x10™ 6.79x10
1%Ru 5.46x10™" 1.84x1072 6.48x10” 3.52x107 1.99x107 3.54
'%Ru 5.73x10? 7.64 4.48 3.42x10"" 2.48x10"" 3.03x10?
'%5Rh 1.15 1.28x1072 3.98x10™ 2.06x102 1.17x10% 1.02x10"
1%Rh NC NC NC NC NC NC
Momag 9.63x10" 2.84x10" 3.40 3.64 2.49 7.06x10"
1%9¢d 1.37x10? 1.18x10" 4.16x10" | 2.69x10" 2.88x10™" 4.12x10™
mcg 1.83x10° 1.47x10? 7.28x10"" 5.15x10™ 5.15x10™ 6.08x10™
FRMAC Assessment Manual, Volume 2 13
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Table 3.3. Inhalation Dose Conversion Factors (Continued)
50-Year Dose Equivalents Early (30-Day) Absorbed Doses
DCF_ soi DCFr(thyroid),50i | DCFrici.ei | DCFrrem)Ei | DCFrthyroid)ei | DCF1(ung)Ei
Thyroid Small Red Bone
CEDE? CDE® Intestine® | Marrow® Thyroid® Lung®
mrem/hr mrem/hr mrad/hr | mrad/hr mrad/hr mrad/hr
Nuclide i pCi/m’ pCi/m’ pCi/m* | pCi/m’ nCi/m’ nCi/m’
MM 1.07x10? 1.24x10' 3.48 6.48x10" 2.29 2.49
"33 1.28x10' 1.01 6.84x10” 5.06x10™" 2.42x10™ 4.21x10"
23 3.90x10" 8.04x10"" 1.48 4.66x10™ 7.02x107 1.25x10?
12650 1.19x10? 2.18x10' 4.28 3.39 1.75 2.59x10?
1243p 3.02x10' 2.99 3.02 2.62 1.40 1.12x10?
12°5p 1.41x10" 2.13 3.52 2.59 1.41 6.79x10'
126mg, 4.07x10% 5.02x10° 2.55x102 | 7.06x10-3 6.30x107 7.81x1072
'273p 7.24 2.73x10™ 1.47 5.19x10™ 1.83x10™ 4.71x10"
'2%3p 7.73x10™ 4.32x107 1.15 7.19x107 3.82x107 3.85
?TTe 3.82x10™ 8.17x107 3.57x10™ 7.59x10° 1.25x107 3.33
12ImTg 2.58x10" 4.29x10™ 5.06x10” 1.14 1.68 1.50x10?
29T¢ 1.07x10™ 7.24x10° 1.10x10" | 9.10x10? 1.07x107 1.07x10™
129mTg 2.87x10' 6.93x10™ 1.60 1.95 2.89 1.53x10?
BTe 5.73x10™ 1.17x10' 3.91x10% | 4.97x10° 1.31 1.07x10""
¥mTe 7.68 1.60x10? 1.49 3.90x10™ 1.07x10" 2.03x10'
%2Te 1.13x10" 2.79x10? 2.64 9.81x10™ 1.93x10' 4.48x10'
129 2.90x10' 9.59x10? 1.51x10% | 2.01x107 1.92x10? 2.67x107
129 2.08x10° 6.93x10° 2.65x107 | 3.13x107 5.55x10? 7.77x107
3 3.95x10" 1.30x10° 6.62x10% | 1.55x10” 6.13x10? 2.55x10""
132 4.57x10™ 7.73 519x10? | 5.15x107 6.04 1.62x10™
133 7.02 2.16x10° 6.88x10° | 8.21x107 1.26x10° 1.88x10™
3 1.58x10™ 1.28 2.66x10% | 2.45x107 1.15 1.33x10”
135 1.47 3.76x10' 6.93x102 | 7.50x107 2.56x10" 1.79x10™
31mxe NC NC NC NC NC NC
Bxe NC NC NC NC NC NC
13mxe NC NC NC NC NC NC
¥xe NC NC NC NC NC NC
13omxe NC NC NC NC NC NC
3xe NC NC NC NC NC NC
3cs 5.55x10" 4.93x10" 6.22 5.59 5.59 5.33
3cs 5.46 5.33 5.06x10™" 5.06x10™" 5.06x10™" 5.64x10"
3cs 8.79 7.68 4.15 3.66 3.74 3.60
Ycs 3.83x10' 3.52x10' 3.72 3.49 3.49 3.47
s 1.22x10™ 1.59x107 2.16x10% | 1.74x107 1.90x1072 1.38x10""
FRMAC Assessment Manual, Volume 2 14
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Table 3.3. Inhalation Dose Conversion Factors (Continued)
50-Year Dose Equivalents Early (30-Day) Absorbed Doses
DCF_ soi DCFr(thyroid),50i | DCFrici.ei | DCFrrem)Ei | DCFrthyroid)ei | DCF1(ung)Ei
Thyroid Small Red Bone
CEDE? CDE" Intestine® | Marrow® Thyroid® Lung®
mrem/hr mrem/hr mrad/hr | mrad/hr mrad/hr mrad/hr
Nuclide i pCi/m’ pCi/m’ pCi/m* | pCi/m’ nCi/m’ nCi/m’
3%Ba 9.37 4.44 7.81x10™ 1.10 1.55x10" 2.02x10™
37mBa NC NC NC NC NC NC
=P 4.48 1.14 1.97 5.59 4.75x10" 6.17x10”
0 5 5.82 3.05x10” 2.47 5.95x10”" 2.92x10™ 1.75x10'
“ice 1.07x10’ 1.13x10"" 5.91x10™ 9.19x10% 5.64x10 9.68x10'
“ce 4.07 2.77x10? 1.22 6.39x10 2.97x102 2.10x10"
ice 4.48x10? 1.30 3.87 1.32x10™ 5.02x107 3.42x10°
“3pr 9.72 7.46x10° 8.75x10™ 5.91x10° 5.28x107 7.10x10"
"ipr 5.19x107 3.76x10° 5.15x10% | 7.02x10° 7.02x107 2.51x10™
144mpy NC NC NC NC NC NC
5Pm 3.65x10' 7.64x10™ 1.13x10™ 4.31x107 1.90x10 6.48
"Nd 8.21 8.08x10 9.06x10”" 1.17x10" 6.48x107 7.24x10"
“Ppm 4.71x10' 8.79x10° 1.84x10™ 4.44x10° 1.80x107 5.68x10"
“Sm 8.97x10* 0.00 9.15x107 9.81 2.89x107 4.32x10°
¥ism 3.60x10" 5.86x10° 5.55x102 | 8.66x107 2.48x10™ 6.53
%2Ey 2.65x10° 3.66x10" 1.93 2.40 1.02 7.10x10"
ey 3.43x10? 3.17x10" 2.45 3.13 1.10 1.47x10?
ey 4.97x10' 1.07 2.83x10™ 3.53x10™ 5.68x10 4.19x10
%Gd 2.85x10" 1.26 3.41x10” 1.88 8.52x107 3.10x10™
1%0Tp 3.00x10" 2.90 2.10 2.74 8.97x10™ 1.26x10?
166MHo 9.28x10? 9.50x10" 2.77 3.49 1.59 1.05x10?
70T m 3.16x10' 6.30x10” 9.59x10”" 1.96 3.77x102 1.12x10?
%%vp 9.68 3.81x10™ 7.95x10” 3.66x10™ 2.25x10™ 7.46x10"
"PHf 3.82x10? 6.39x10' 2.90 1.32x10" 1.82 2.01
81t 1.85x10' 2.60 1.60 7.99 8.44x10™ 1.03
18273 5.37x10" 6.79 2.09 1.58 1.10 1.66x107
187y 7.41x10" 1.94x107 4.66x10" 1.09x10™ 5.33x107 1.67x10™
192 3.38x10" 2.89 1.60 1.07 7.06x10™ 1.15x10?
%A 3.94 1.05x10"" 1.04 1.51x10" 9.01x107 2.34x10"
2Hg 8.79 3.59 1.07 9.32x10™ 9.06x10™ 8.61x10™
2047 2.89 1.84 8.84x10™ 8.84x10™ 8.84x10™ 9.72x10”
#1%pp 1.63x10* 1.41x10° 1.58 8.18 1.51 6.80
207g; 2.40x10' 4.80 2.10 1.88 1.25 3.77x10"
FRMAC Assessment Manual, Volume 2 15
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Table 3.3. Inhalation Dose Conversion Factors (Continued)
50-Year Dose Equivalents Early (30-Day) Absorbed Doses
DCF_ soi DCFr(thyroid),50i | DCFrici.ei | DCFrrem)Ei | DCFrthyroid)ei | DCF1(ung)Ei
Thyroid Small Red Bone
CEDE? CDE" Intestine® | Marrow® Thyroid® Lung®
mrem/hr mrem/hr mrad/hr | mrad/hr mrad/hr mrad/hr
Nuclide i pCi/m’ pCi/m’ pCi/m* | pCi/m’ nCi/m’ nCi/m’
210g; 2.35x10? 2.87x10” 9.33x10” 1.22x107 1.22x107 9.54x10?
#%po 1.13x10* 1.79x10° 1.37x10' 1.27x10° 1.36x10' 1.76x10?
“Ra 1.03x10* 4.53x10? 6.84x10™ 4.95 2.14x10" 3.32x10*
2pc 8.04x106 1.59x10? 3.80 9.33x10' 3.59 3.51x10'
¢ 3.70x10° 3.91x107 4.86x10™ 2.99x10™ 5.38x107 2.78x10”
21Th 1.94x10* 1.31x10" 6.60x10" | 9.10x10” 1.83x10™ 1.33x10°
2287h 4.10x10° 1.02x10° 1.03 2.69 9.70x10™ 2.45x10°
207h 3.91x10° 1.81x10° 1.07 3.07x10' 8.96x10™ 3.18x10*
#1Th 1.05 1.37x10° 3.97x10™ 3.17x10° 1.07x107 9.73
227h 1.97x10° 3.30x10° 9.17x10™ 2.62x10' 7.70x10™ 2.39x10*
24Th 4.20x10" 5.64x107 255 8.57x10 1.89x107 1.82x10?
#1pg 1.54x10° 3.39x10" 1.35 3.31x10' 1.00 3.51x10*
2pg 1.15x10" 2.50x10™ 7.95x10" | 2.30x10 1.39x10™ 1.03x10?
24pg 9.77x10™ 5.46x107 1.16 1.14x10" 6.22x107 8.13
22y caution" 7.90x10° 1.08x10? 2.28x10™ 1.18x10™ 1.96x107 4.89x10*
%%y caution" 1.63x10° 1.20x10' 1.71x10" | 8.56x107? 7.52x10° 3.93x10*
2%y caution" 1.59x10° 1.18x10' 1.90x10™ 8.47x102 7.25x107 3.86x10*
2%y Ccaution" 1.47x10° 1.82x10' 6.17x10” 3.20x10™ 1.64x10™ 3.40x10*
26 caution” 1.51x10° 1.11x10" 1.77x10" | 8.01x10? 6.79x10° 3.54x10*
23 | caution" 1.42x10° 1.21x10’ 2.74x10" 9.83x1072 1.42x107 3.11x10*
U Dep and Nat’ 1.42x10° 1.21x10' 2.74x10™ 9.83x107 1.42x107 3.11x10*
Caution"
U Enrich Caution” 1.59x10° 1.18x10' 1.90x10™ 8.47x102 7.25x107 3.86x10*
UF¢° Sol 3.27x10° 1.11x10? 2.01 2.22x10" 1.93 5.24x10"
24y caution”
ZNp 6.48x10° 5.95x10" 1.10 2.33x10' 7.42x10” 3.29x10*
Z9Np 3.01 3.38x107? 7.55x10” 1.51x10" 3.47x107 2.81x10"
#py 1.74x10° 8.26 1.40 3.12x10' 1.20 4.57x10*
28py 4.71x10° 4.27 1.34 3.01x10' 1.15 4.17x10*
29py 5.15x10° 4.01 1.24 2.82x10' 1.08 3.71x10*
20py 5.15x10° 4.02 1.26 2.83x10' 1.08 3.72x10*
#1py 9.90x10° 5.51x10 1.58x102 | 3.16x10? 1.18x10° 3.36
#2py 4.93x10° 3.90 1.19 2.69x10' 1.03 3.42x10*
21Am 5.33x10° 7.10 8.89x10” 1.66x10' 5.50x10™" 4.16x10*
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Table 3.3. Inhalation Dose Conversion Factors (Continued)
50-Year Dose Equivalents Early (30-Day) Absorbed Doses
DCF_ soi DCFr(thyroid),50i | DCFrici.ei | DCFrrem)Ei | DCFrthyroid)ei | DCF1(ung)Ei
Thyroid Small Red Bone
CEDE? CDE® Intestine® | Marrow® Thyroid® Lung®
mrem/hr mrem/hr mrad/hr | mrad/hr mrad/hr mrad/hr
Nuclide i pCi/m’ pCi/m’ pCi/m* | pCi/m’ nCi/m* nCi/m’
242mam 5.11x10° 2.50 3.46x10” 1.72 6.43x10 2.29x10°
3Am 5.28x10° 3.68x10" 1.07 1.69x10' 7.11x10™ 3.88x10*
*2Cm 2.07x10* 4.18 7.49x10™ 1.71x10" 5.52x10™ 4.93x10*
Cm 3.69x10° 1.70x10" 1.31 1.80x10" 6.88x10™ 4.67x10*
#Cm 2.97x10° 4.48 7.42x107 1.74x10' 5.56x10™" 4.66x10*
#5Cm 5.46x10° 1.63x10" 9.96x10" 1.64x10" 6.07x10" 4.00x10*
e 1.88x10° 1.42x10? NC NC NC NC

NC=Not calculated.

a

CEDE Factor (DCF, ) is Committed Effective Dose Equivalent Dose Conversion Factor:
DCF, 5, = EDCF, 5, x BR x CF
Thyroid Committed Dose Equivalent (CDE) DCFrzyr0ia),50 Dose Conversion Factor for an adult:
DCF7 yyroiay,s0 = EDCFp x BR x CF

Early Absorbed Dose Conversion Factor [DCFro,gan),£] for the small intestine, red bone marrow, and
the thyroid:

DCFr(organy.e = [EADOrgan(H) + EAD g1 ] x BR x CF
Early Lung Absorbed Dose Conversion Factor [DCFrung) g]:

DCFp(pyuerr = [EADLW o1y X RBE + EAD x BR x CF

Lung (L) ]

Where (for * to ¢ above):

EADorganitior 1)(GY/Bq) = Early Absorbed Dose (High or Low LET) from inhalation for the
indicated organ in Gy/Bq from Ec01 (adult 30 day). Most conservative
lung clearance class (based on effective DCF from EPAS88) is used in

this manual.

BR = Breathing Rate for an adult performing light activity from EPAS8S, page
20 (0.020 m*/min x 60 min/hr = 1.2 m*/hr). This BR overestimates the
average daily rate (see Table 3.10).
DCF,;5) = CEDE adult Inhalation Dose Conversion Factors (50 years committed).
DCFrupyroigyso = Adult Inhalation Dose Conversion Factors for the specified tissue (i.e.,
CDE thyroid), 50 years committed.

DCFroreanpe = Adult early inhalation Dose Conversion Factors for the specified tissue
(i.e., red bone marrow, small intestine, lung, or thyroid), 30 days
committed.

EDCF,syp = Exposure to Dose Conversion Factors from EPA-520/1-88-020 (EPAS8S)

“Limiting Values of Radionuclide Intake and Air Concentration and
Dose Conversion Factors for Inhalation, Submersion, and Ingestion:

FRMAC Assessment Manual, Volume 2
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Federal Guidance Report No 11,” Table 2.1, page 121, “Effective”
column.

EDCFr

Exposure to Dose Conversion Factor for the thyroid, from EPAS88, Table
2.1, page 121, “Thyroid” column.

RBE = Relative Biological Effectiveness. The early-absorbed dose to the lung
was computed using an RBE of 10 for high LET radiation to better
represent the early dose to that organ.

CF = Conversion Factor for units.
! Sv 1.0E + 05 mrem Bq 3.7E + 09 mrem
— X X =
Bq Sv 2.7E - 05 uCi uCi

Tritium inhalation DCFs were multiplied by 1.5 to account for skin absorption.

For natural and depleted uranium, it is assumed all the release is >**U and for enriched uranium it is
assumed all of the release is ***U. The specific activity of enriched uranium is dominated by the
concentration of 2** U (because of its high SpA). Releases of natural and enriched uranium will be
composed principally of a mixture of ***U, *°U, and ***U. Information for specific uranium
mixtures can be found in Volume 3, Section 5 (Nuclear Fuel Accident/Incident).

Assumed the day lung class (soluble) when estimating inhalation dose because the “U” in UF is in a
soluble form. Inhalation Class D was assumed when estimating the inhalation dose for UF¢ because
the uranium is expected to be in a very soluble form.

Caution for early health effects involving uranium, the chemical toxicity may be more limiting than
the dose. See the discussion in Section 5 of Volume 3.
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Table 3.4. Early Phase Deposition and Air Dose Conversion Factors

Purpose: The Exposure Rate Conversion Factor (ECFy;) is the exposure rate at 1 m AGL from 1
uCi/m* deposition of nuclide i, corrected by a factor of 0.7 for ground roughness. The DCF from
ground shine (DCF,;) is EDE for 1 hour of external exposure (again, corrected by a factor of 0.7
for ground roughness). The DCF from air immersion (DCFy) is the EDE rate for exposure to a
semi-infinite cloud of constant concentration. Method M.3.10 can be used to calculate the air
submersion, ground shine, and exposure rate conversion factors for nuclides not listed or for
different assumptions. The daughters are included in all the inhalation doses and in the external
doses where noted (e.g., *Tiand **Sc). Ground roughness is considered in all external doses and
exposures from ground contamination.

ECFg DCFg; DCF,;
Deposition Air
External Deposition Submersion
Exposure External EDE | External EDE
Rate? Rate” Rate®
mR/hr mrem/hr mrem/hr
Radionuclide i uCi/m” uCi/m” uCi/m”
*H 0.0 0.0 4.4x10°
“c 2.1x107 1.5x107 3.0x10°
“Na 2.8x107 2.0x10 1.4
*Na 4.8x107 3.4x107 2.9
2p 3.9x10° 2.7x10® 1.3x10°
%p 5.9x107 4.2x107 1.1x10°
S 2.2x107 1.6x107 3.2x10°
¢l 9.0x10® 6.3x10® 3.0x10™
K 1.9x10° 1.4x10° 1.1x10™
2K 3.5x10° 2.5x10° 1.9x10™
*Ca 6.1x107 4.3x107 1.1x107
**sc 2.6x102 1.8x107 1.3
*Ti + *sc 2.9x107 2.1x102 1.5
By 3.7x102 2.6x10 1.9
Ycr 4.1x10™ 2.9x10* 2.0x10
*Mn 1.1x102 7.6x10° 5.4x10"
**Mn 2.1x10% 1.5x1072 1.1
*Fe 0.0 0.0 0.0
%Co 1.3x102 8.9x10° 6.3x10"
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Table 3.4. Early Phase Deposition and Air Dose Conversion Factors (continued)
ECFg DCFg; DCF.;
Deposition Air
External Deposition Submersion
Exposure External EDE | External EDE
Rate? Rate” Rate®
mR/hr mrem/hr mrem/hr
Radionuclide i uCi/m’ uCi/m” uCi/m’
*Fe 1.5x10 1.0x107 8.0x10™
Co 3.1x10% 2.2x10 1.7
N 0.0 0.0 0.0
*Cu 2.5x10° 1.7x10° 1.2x10™
®Zn 7.4x10° 5.2x10 3.9x10™
®Ga 1.3x107 8.8x10 6.1x10™
%Ge + %Ga 1.3x1072 8.8x10° 6.1x10"
"*se 5.0x10° 3.5x10° 2.5x10"
Kr 3.5x10° 2.5x10° 1.6x10°
My 2.0x10° 1.4x10° 1.0x10™
¥Kr 9.8x10° 6.8x10 5.5x10™
Kr + ®Rb 3.1x1072 2.2x10% 1.8
*Rb 1.2x10° 8.7x10™ 6.4x10
¥Rb 1.2x10°® 8.2x107 2.4x10°
®Rb 7.9x10° 5.5x10 4.5x10™
Sr 3.0x10° 2.1x10° 1.0x10°
Ogy 3.8x10® 2.6x10® 1.0x10™
'Sr 9.0x10° 6.3x10° 4.6x10"
Oy 7.1x10° 5.0x10® 2.5x10°
oy 7.6x10° 5.4x10° 3.5x10°
oimy 7.0x10 4.9x10° 3.4x10"
Bzr 0.0 0.0 0.0
*zr 9.6x10° 6.7x10° 4.8x10"
¥zr 2.3x10° 1.6x107 1.2x10™
*Nb 2.0x10 1.4x1072 1.0
*Nb 1.0x107 7.0x10 5.0x10™
®Mo + #*"Tc 3.4x10° 2.4x10° 1.7x10"
*Tc 1.0x10°® 7.3x107 2.2x10°
9mTG 1.6x10° 1.1x10° 7.8x10%
%Ru 6.2x10° 4.3x10° 3.0x10"
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Table 3.4. Early Phase Deposition and Air Dose Conversion Factors (continued)
ECFg DCFg; DCF.;
Deposition Air
External Deposition Submersion
Exposure External EDE | External EDE
Rate? Rate” Rate®
mR/hr mrem/hr mrem/hr
Radionuclide i uCi/m’ uCi/m” uCi/m’
%Ru 1.0x10 7.2x10 5.1x10™
'%Ru + "%®Rh 2.8x10° 2.0x10° 1.4x10™
"®Rh 1.0x107 7.1x10™ 5.0x107
"%Rh 2.8x10 2.0x10° 1.4x10™
1omag 3.5x107 2.5x107 1.8
199¢d + "®MAg 4.3x10* 3.0x10™ 6.5x10
"3mcd 3.5x10° 2.5x10° 9.2x10°
14m 1.2x10° 8.5x10™ 5.6x107
M3gn + MM 3.7x10° 2.6x10° 1.7x10™
'233n 1.1x10™ 7.8x10° 5.4x10°
126gn + 126Mgp 2.1x107 1.5x107 1.0
'243p 2.3x102 1.6x102 1.2
12°Sb 3.7x10% 2.6x10% 1.8
126mgp 2.0x10% 1.4x1072 1.0
6 9.0x10° 6.3x10° 4.4x10"
1293 1.8x10 1.3x107 9.5x10™
“"Te 6.9x10° 4.8x10° 3.2x10°
12ImTe 1.5x10™ 1.1x10™ 2.0x10°
2Te 8.0x10™ 5.6x10™ 3.7x10%
129MTe 5.0x10™ 3.5x10™ 2.1x10
¥Te 5.5x10 3.8x10 2.7x10™
¥1MTe 1.8x1072 1.3x1072 9.3x10"
%2Te 3.0x10° 2.1x10° 1.4x10™
%) 5.7x10™ 4.0x10™ 7.0x10°
2 3.4x10™ 2.4x10™ 5.1x10°
3 5.0x10 3.5x10 2.4x10™
132 2.9x107 2.1x10% 1.5
%) 8.0x10° 5.6x10° 3.9x10™
134) 3.4x10 2.4x10 1.7
135 4 130My e 2.5x10 1.8x1072 1.3
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Table 3.4. Early Phase Deposition and Air Dose Conversion Factors (continued)
ECFg DCFg; DCF.;
Deposition Air
External Deposition Submersion
Exposure External EDE | External EDE
Rate? Rate” Rate®
mR/hr mrem/hr mrem/hr
Radionuclide i uCi/m’ uCi/m” uCi/m’
131mxe 2.7x10™ 1.9x10™ 5.2x10
Bxe 6.1x10™ 4.3x10™ 2.1x107
133mxe 5.4x10™ 3.8x10™ 1.8x1072
3%e 3.2x10° 2.3x10® 1.6x10™
139mxe 5.6x10° 4.0x10° 2.7x10"
%¥xe 1.4x107 9.6x10 7.7x10™
3cs 2.0x102 1.4x1072 1.0
35Cs 4.4x107 3.1x107 7.5x10°
%Cs 2.8x10 1.9x1072 1.4
¥Cs + ¥"™Ba 7.4x10° 5.2x10° 3.6x10"
%Cs 2.9x107 2.0x10 1.6
'¥Ba 5.3x107 3.7x10° 2.4x10"
137MBa 7.8x10° 5.5x107 3.8x10"
140Bg 2.4x10° 1.7x10° 1.1x10™
0 g 2.9x10 2.0x10 1.6
"ice 9.8x10™ 6.9x10™ 4.6x107
3Ce 3.7x10° 2.6x10° 1.7x10™
MiCe + Py + Mpr 7.8x10™ 5.4x10™ 3.7x10%
pr 9.3x10° 6.5x10° 2.8x10™
“pr 5.0x10™ 3.5x10™ 2.6x107
144mpr 1.7x10* 1.2x10™ 3.7x10
5Pm 4.3x10™ 3.0x10™ 9.4x10°
"“Nd 1.9x10° 1.3x10° 8.2x10
“Pm 4.5x107 3.2x107 9.2x10°
*Sm 0.0 0.0 0.0
¥'Sm 6.7x10° 4.7x10° 4.8x107
S2Ey 1.5x107 1.0x10 7.5x10"
YEY 1.6x1072 1.1x1072 8.2x10"
=T 7.9x10™ 5.5x10™ 3.3x10
Gd 1.4x10° 9.9x10™ 4.9x107
FRMAC Assessment Manual, Volume 2 22



April 2003 Tables
3.4
Table 3.4. Early Phase Deposition and Air Dose Conversion Factors (continued)
ECFg DCFg; DCF.;
Deposition Air
External Deposition | Submersion
Exposure External EDE | External EDE
Rate? Rate” Rate®
mR/hr mrem/hr mrem/hr
Radionuclide i uCi/m’ uCi/m” uCi/m’
1%0Tp 1.4x107 1.0x107 7.4x10™
1%MHo 2.3x102 1.6x102 1.1
"Tm 7.9x10° 5.5x10° 3.0x10°
%%y 4.0x10° 2.8x10° 1.7x10™
T2Hf 1.5x10° 1.1x107 5.4x107
81t 7.3x10° 5.1x10 3.5x10™
"%2Ta 1.6x1072 1.1x1072 8.5x10""
7wy 6.2x10° 4.4x10° 3.0x10"
192}y 1.1x102 7.5x10° 5.2x10"
%8Au 5.3x10° 3.7x10° 2.6x10"
2%Hg 3.1x10° 2.2x10 1.5x10™
2047 2.0x10° 1.4x10° 7.4x10™
21%pyp 3.3x10° 2.3x10° 7.5x10™
207 2.0x10 1.4x10% 1.0
210B; 1.4x10° 9.8x10° 4.4x10™
“pg 1.1x107 7.7x10® 5.5x10®
??°Ra 8.6x10° 6.0x10° 4.2x10°
“2Inc 2.1x10° 1.5x10° 7.8x10°
“BNc 1.2x1072 8.7x10° 6.4x10"
221Th 1.4x10° 9.7x10™ 6.5x10
22Th 3.1x10° 2.2x10® 1.2x10°
20Th 1.0x10° 7.0x10° 2.3x10™
21Th 2.5x10™ 1.7x10™ 7.0x10°
2%2Th 7.3x10° 5.1x10° 1.2x10™
24Th + 2Mpg 3.6x10™ 2.5x10™ 1.7x1072
#1pg 5.4x10™ 3.8x10™ 2.3x102
2pg 2.6x10° 1.8x10° 1.2x10™
22 Caution® 1.3x10°® 9.4x10° 1.9x10™
2%y Caution® 9.5x10° 6.7x10° 2.2x10™
%y caution® 1.0x10° 7.0x10® 1.0x10™
FRMAC Assessment Manual, Volume 2 23



April 2003

Tables
34

Table 3.4. Early Phase Deposition and Air Dose Conversion Factors (continued)

a

ECFg DCFg; DCF.;
Deposition Air
External Deposition | Submersion
Exposure External EDE | External EDE

Rate? Rate” Rate®

mR/hr mrem/hr mrem/hr
Radionuclide i uCi/m’ uCi/m” uCi/m’
%y Caution® 2.0x10° 1.4x10° 9.6x102
2%y Caution® 8.7x10° 6.1x10° 6.7x10°
%8 Caution® 7.3x10° 5.1x10°® 4.5x10°
U Dep and Nat® Caution® 7.3x10°® 5.1x10° 4.5x10°
U Enrich® Caution® 1.0x10° 7.0x10® 1.0x10

f

Z“FS g::isngsomme) 1.0x10° 7.0x10° 1.0x10%
“"Np 3.8x10™ 2.7x10™ 1.4x1072
“Np 2.2x10° 1.5x10° 1.0x10™
2%opy 1.3x10° 9.1x10° 8.5x10°
28py 1.1x10° 7.8x10° 6.5x10°
29py 4.9x10° 3.4x10° 5.6x10°
*py 1.1x10° 7.5x10® 6.3x10°
*py 2.6x10° 1.8x10® 9.7x107
#2py 8.9x10° 6.2x10° 5.3x10°
#1Am 3.7x10™ 2.6x10™ 1.1x1072
242mAm 4.0x10° 2.8x10° 4.2x10™
*$Am 7.1x10™ 5.0x10™ 2.9x10%
*2Cm 1.3x10° 8.9x10® 7.6x10°
#3Cm 1.7x10° 1.2x10° 7.8x107
*Cm 1.2x10°® 8.2x10° 6.5x10°
#5Cm 1.2x10° 8.1x10™ 5.3x10
22¢f 9.6x10° 6.7x10° 6.7x10°

Exposure Rate Conversion Factor ground shine (ECF,) from deposition at 1 m AGL for 1 hour based on “Dose

Conversion for Exposure to Contaminated Ground Surface” (DCECGS) factors from EPA93, Table I11.3. The
external dose from daughters expected to be in equilibrium is included where noted. (e.g., *’Cs + *"™Ba).

ECFg = (DCECGS x SICF x GRCF )/ DEXP
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3.4
Where:
GRCF = Ground roughness correction factor of 0.7 to convert the dose projected for a smooth plane to
typical ground surface.
SICF = Sl unit Conversion Factor, see equation below.
Sv/s 36E+03s 1E+ 05 mrem Bq 1.33E + 13 mrem/ hr
Bq/m® SR, Sv “27E-05 uCi uCilm*
DEXP = Conversion Factor of 0.7 to convert from dose rate (rem per hour) to exposure rate (roentgens per

hour).

Dose Conversion Factor ground shine (DCF,;). EDE from external exposure at 1 m AGL from a deposition for
1 hour based on Dose Coefficients for Exposure to Contaminated Ground Surface (DCECGS) from EPA93,
Table I11.3 (multiplied by 0.7 to correct for ground roughness). The external dose from daughters expected to
be in equilibrium is included where noted (e.g., *’Cs + *™Ba).

DCFg = DCECGS x SICF x GRCF

¢ Dose Conversion Factor Air (DCF,). EDE from external exposure to a semi-infinite cloud of uniform
concentration. Based on EPA93, Table I1I.1 — Dose Coefficients for Air Submersion (DCAS).

DCF, = DCAS x SICF

Caution for early health effects involving uranium, the chemical toxicity may be more limiting than the dose.
See the discussion in Section 5 of Volume 3.

For natural and depleted uranium, it is assumed that all the release is ***U and for enriched uranium it is
assumed all of the release is ***U. The activity of enriched uranium is dominated by the concentration of 2*U
(because of its high Specific Activity). Releases of natural and enriched uranium will be composed principally
of a mixture of 2*U, #°U, and **®U. Information for specific uranium mixtures can be found in Volume 3,
Section 5 (Nuclear Fuel Accident/Incident).

Assumed the D (day) lung class (soluble) when estimating Early Phase inhalation dose, because the “U” in UFg
is in a soluble form.
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Table 3.5. Early Phase Deposition Dose Conversion Factors and Derived Response Levels

Purpose: The Early Phase deposition (ground) DCF (DCFgpg;) estimates the total dose from
remaining on deposition for four days. It includes the EDE from ground shine and inhalation
CEDE from resuspension. The daughters are included in all the inhalation doses and in the
external doses where noted (e.g., #Ti+*Sc). Ground roughness is considered in all external
doses and exposures from ground contamination. The Early Phase deposition DRL expresses the
Early Phase PAG in terms of the level of deposition on the ground that corresponds to a
projected dose equal to the PAG. Method M.3.4 can be used to calculate Early Phase deposition
DCFs (DCFgpgi) and the associated DRLs for other nuclides or for different assumptions.

DCFepgi DRLepg;i
Deposition Four-Day
Dose External and Early Phase
Resuspension® Deposition DRL"

mrem ) 2

2 pCi/m

Radionuclide i uCi/m

°H NC NC

"c NC NC
“’Na 1.9 5.3x10?
*Na 7.2x10™ 1.4x10°
“p 3.4x10° 3.0x10°
“p 1.9x10™ 5.3x10°
g 1.8X10™ 5.5X10°
el 2.1x10° 4.8x10°
K 1.3x10" 7.6x10°
2K 4.4x107 2.3x10*
*Ca 4.9x10™ 2.0x10°
3¢ 1.7 5.9x10?
“Ti+ “sc 2.0 4.9x10?
Y 2.3 4.4x10?
*lcr 2.6x107 3.8x10"
*Mn 7.2x10™ 1.4x10°
**Mn 5.5x1072 1.8x10*
*Fe 1.8x10™ 5.5x10°
*%Co 8.3x10™ 1.2x10°
*Fe 9.7x10" 1.0x10°
®Co 2.1 4.7x10?
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Table 3.5. Early Phase Deposition Dose Conversion Factors and Derived Response
Levels (continued)
DCFepgi DRLEgpg;
Deposition Four-Day
Dose External and Early Phase
Resuspension® Deposition DRL"
mrem P
> puCi/m
Radionuclide i pCi/m
N 4.3x10™ 2.3x10°
%Cu 3.2x10 3.1x10*
%Zn 4.9x10™ 2.0x10°
®Ga 1.4x10 7.0x10*
8Ge + %Ga 8.4x10" 1.2x10°
"*se 3.3x10™ 3.0x10°
8Ky NC NC
G NC NC
8Kr NC NC
8Kr + %Rb NC NC
*Rb 7.8x1072 1.3x10*
¥Rb 3.0x10™ 3.3x10°
®Rb 2.4x10° 4.2x10°
89gr 4.8x10° 2.1x10°
*Sr 8.9x102 1.1x10*
*1Sr 8.6x1072 1.2x10*
Oy 3.4x10° 3.0x10°
My 8.3x10° 1.2x10°
oimy 5.8x107 1.7x10°
®7r 2.2x10% 4.6x10"
%zr 6.3x10" 1.6x10°
77r 3.9x107 2.6x10*
*Nb 14 7.2x10?
*Nb 6.4x10" 1.6x10°
Mo + *"Tc 1.4x10™ 7.0x10°
*Tc 6.4x10™ 1.6x10°
9mTG 9.8x10° 1.0x10°
%Ru 4.0x10™ 2.5x10°
%Ru 4.6x107 2.2x10*
%Ru + "Rh 2.2x10" 4.5x10°
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Table 3.5. Early Phase Deposition Dose Conversion Factors and Derived Response
Levels (continued)
DCFepgi DRLEgpg;
Deposition Four-Day
Dose External and Early Phase
Resuspension® Deposition DRL"
mrem P
> puCi/m
Radionuclide i pCi/m
'%Rh 3.1x10% 3.3x10*
'%°Rh NC NC
MomAg 2.4 4.2x10?
199¢d + "®MAg 3.7x10 2.7x10*
Mcq 1.0x10™ 9.6x10°
MM R 8.6x10 1.2x10*
M3gn + MM 2.4x10" 4.1x10°
1233 9.6x10 1.0x10°
265N + '%Mgp 1.4 7.1x10?
'243p 15 6.7x10?
12°Sb 2.2 4.5x10?
126mgp 6.5x10° 1.5x10°
1273p 4.3x10™ 2.3x10°
'25p 8.0x107 1.2x10*
?Te 6.6x10™ 1.5x10°
12ImTe 1.1x1072 8.7x10*
2°Te 9.4x10™ 1.1x10°
129MTe 3.4x107 2.9x10*
PTe 2.3x10° 4.4x10°
3ImTe 4.9x10™ 2.0x10°
32Te 1.4x10™ 7.3x10°
%) 3.9x10% 2.6x10*
29 3.5x1072 2.9x10*
3 2.9x10" 3.5x10°
1) 6.8x107 1.5x10*
133 1.6x10™ 6.2x10°
Bl 3.0x1072 3.4x10*
135 4 139Mx e 1.7x10" 5.9x10°
131mxe NC NC
Bxe NC NC
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Table 3.5. Early Phase Deposition Dose Conversion Factors and Derived Response
Levels (continued)
DCFepgi DRLEgpg;
Deposition Four-Day
Dose External and Early Phase
Resuspension® Deposition DRL"
mrem P
> puCi/m
Radionuclide i pCi/m
133mxe NC NC
%Xe NC NC
139mxe NC NC
38xe NC NC
%cs 1.4 7.3x10?
%cs 3.4x10™ 2.9x10°
%Cs 1.7 5.9x10?
¥Cs + ¥"™Ba 5.0x10™ 2.0x10°
%Cs 1.6x102 6.3x10*
3Ba 3.6x10™ 2.8x10°
37MBa NC NC
“Ba 1.5x10™ 6.9x10°
0] g 9.5x10" 1.1x10°
"ice 6.4x107 1.6x10*
"ce 1.1x10" 9.3x10°
iCe + "Mpr + pr 7.7x102 1.3x10*
“3pr 1.1x10® 9.2x10°
pr 1.5x10™ 6.8x10°
1ampyp NC NC
5Pm 3.1x10%2 3.2x10*
"Nd 1.1x10™ 9.1x10°
“Pm 2.7x10° 3.7x10°
“Sm 5.1 2.0x10?
¥1Sm 2.1x10° 4.9x10°
B =T 1.0 1.0x10°
SEu 1.1 9.2x10?
=T 5.6x107 1.8x10*
%Gd 9.6x107 1.0x10*
1%0Tp 9.5x10™ 1.1x10°
1%0MHo 1.6 6.4x10?
Tm 7.0x10° 1.4x10°
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Table 3.5. Early Phase Deposition Dose Conversion Factors and Derived Response
Levels (continued)
DCFepgi DRLEgpg;
Deposition Four-Day
Dose External and Early Phase
Resuspension® Deposition DRL"
mrem P
> puCi/m
Radionuclide i pCi/m
%Yp 2.6x10" 3.8x10°
72 1.2x10™ 8.2x10°
81t 4.7x10™ 2.1x10°
1%2Ta 1.1 9.2x10?
187y 1.4x10™ 7.1x10°
192}y 7.1x10™ 1.4x10°
%8Au 2.2x10" 4.5x10°
2Hg 2.0x10 4.9x10°
2T 1.5x107 6.7x10°
210pyp, 9.3x10" 1.1x10°
207g; 1.3 7.5x10?
210B; 1.2x102 8.5x10*
“pg 6.4x10" 1.6x10°
**Ra 5.9x10™ 1.7x10°
22Tac 4.6x10? 2.2
BN 8.0x107 1.3x10*
221Th 1.1 8.8x10?
228Th 2.3x10" 4.3x10'
20Th 2.2x10" 4.5x10'
21Th 5.9x10° 1.7x10°
282Th 1.1x10? 8.9
24Th + 2Mpg 2.5x10% 3.9x10*
»pg 8.8x10' 1.1x10"
2%pg 1.7x10™ 6.0x10°
22 Caution® 4.5x10" 2.2x10'
% Caution® 9.2 1.1x10?
2%y Caution® 9.0 1.1x10?
%y Caution® 8.5 1.2x10?
%%y Ccaution® 8.6 1.2x10?
%8 Caution® 8.1 1.2x10?
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Table 3.5. Early Phase Deposition Dose Conversion Factors and Derived Response
Levels (continued)

DCFepgi DRLEgpg;
Deposition Four-Day
Dose External and Early Phase
Resuspension® Deposition DRL"
mrem 2
2 pCi/m
Radionuclide i pCi/m
U Dep and Nat® Caution® 8.1 1.2x10?
U Enrich® Caution® 9.0 1.1x10?
UF¢° class D (soluble) 1.9x10™ 5.4x10°
2% Caution®
*'Np 3.7x10" 2.7x10"
*Np 8.6x107 1.2x10*
2py 9.9 1.0x10?
28py 2.7x10" 3.7x10'
2¥py 2.9x10" 3.4x10'
#py 2.9x10' 3.4x10"
#py 5.6x10™ 1.8x10°
#2py 2.8x10' 3.6x10"
*"Am 3.0x10" 3.3x10'
242mAm 2.9x10" 3.4x10'
*$Am 3.0x10" 3.3x10'
*2Cm 1.2 8.5x10?
*Cm 2.1x10" 4.7x10'
*Cm 1.7x10" 5.9x10'
#5Cm 3.1x10" 3.2x10"
22¢f 1.1x10" 9.3x10'

NC=Not calculated.

a

Dose Conversion Factor Early Phase ground (DCFppg;) is the dose from the external exposure from deposition
and CEDE from resuspension from remaining on contaminated ground for four days. See Method M.3.4 for a
full description of how DCFppgi is calculated. The external dose from daughters expected to be in equilibrium is
included where noted (e.g., *’Cs + *"™Ba).

Derived Response Level (DRLgpyi). The Early Phase deposition DRL is the level of deposition on the ground
that corresponds to a projected dose equal to the PAG.

DRL P__ + DCF

EPgi ~ T Ep EPgi

Where Pgp is the Early Phase PAG.

Caution for early health effects involving uranium, the chemical toxicity may be more limiting than the dose.
See the discussion in Section 5 of Volume 3.
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For natural and depleted uranium, it is assumed that all the release is ***U and for enriched uranium it is
assumed all of the release is **U. The activity of enriched uranium is dominated by the concentration of >**U
(because of its high Specific Activity). Releases of natural and enriched uranium will be composed principally
of a mixture of ***U, **°U, and ***U. Information for specific uranium mixtures can be found in Volume 3,
Section 5 (Nuclear Fuel Accident/Incident).

¢ Assumed the D (day) lung class (soluble) when estimating Early Phase inhalation dose, because the “U” in UFg
is in a soluble form. "Inhalation Class D was assumed when estimating the inhalation dose for UF¢ because the
uranium is expected to be in a very soluble form."
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Table 3.6. Stability Class and Dilution Factors

Purpose: Tables 3.6.A and 3.6.B are used to estimate the stability class. Table 3.6.C is used to
estimate dilution factor (DF) by stability class.

Table 3.6.A. Stability Class Descriptions and Relationship to Standard Deviation of Wind
Direction and Lapse Rate

Standard Deviation
of Horizontal Wind Lapse Rate
Direction (Delta T)
Class Description (sigma-theta) Degrees C/100 m
A Extremely unstable conditions 25.0° <-19
B Moderately unstable conditions 20.0° -19t0-1.7
C Slightly unstable conditions 15.0° -1.7t0-1.5
D Neutral conditions 10.0° -1.5t0-0.5
E Slightly stable conditions 5.0° -0.5t01.5
F Moderately stable conditions 2.5° 1.5t04.0

Source: DOE84, page 591

Table 3.6.B. Relationship of Stability Class to Weather Conditions

Surface Daytime Insolation
Winds (Solar Radiation) Nighttime Conditions Day or Night
Thin Overcast or Less Than
Speed More Than Four- Three-Eighths Heavy
(m/s) Strong Moderate Slight | Eighths Cloudiness Cloudiness Overcast
<2 A A-B B - - D
2 A-B B C E F D
4 B B-C C D E D
6 C C-D D D D D
>6 C D D D D D

Source: DOEB84, page 221
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Table 3.6.C. Dilution Factors yii/Q (m?)

Purpose: This table provides the dilution factors (DFs) for the center line of a ground-level
release for the various stability classes. Note that the dilution factor for close to the source (less
than 1/4 mile) is constant and independent of the stability class. This is because it is assumed
that the DF close to the source will be dominated by the building wake.

Stability Stability Stability Stability Stability Stability

Miles Class A Class B Class C Class D Class E Class F
<0.25 1.0x1032 1.0x10732 1.0x1032 1.0x1032 1.0x103? 1.0x107°2
1 1.0x10® 6.0x10° 1.7x10° 5.4x10° 1.1x10™ 2.5x10™

2 7.0x107 1.5x10® 5.0x10® 2.0x10® 4.0x10° 1.0x10™

3 4.5x107 6.5x107 2.2x10® 1.2x10° 2.5x10° 6.0x10

4 3.5x107 4.5x107 1.2x10°® 8.0x10® 1.6x10° 4.0x10°

5 3.0x107 4.0x107 9.5x10” 5.0x10° 1.1x10° 3.0x10°
10 1.7x107 2.2x107 3.0x107 2.0x10® 5.0x10® 1.2x10”
15 1.2x107 1.5x107 2.0x107 1.0x10° 2.6x10° 7.0x10®
20 9.5x10°® 1.1x107 1.7x107 7.0x107 2.0x10°® 5.0x10®
25 8.0x10® 9.0x10® 1.3x107 4.5x107 1.4x10® 4.0x10°

Source: EPA70 (Figures 3-5 a through 3-5 f at a vertical dispersion limit of 1,000 meters and a ground
level release)

@ These factors are dominated by building wake. They are based on interpretation of NRC88, Figures
5-7, pages 25-27.
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Table 3.7. Shielding Factors from Gamma Cloud Source

Structure or Location Shielding Factor®
Outside 1.0
Vehicles 1.0
Wood frame house” (no basement) 0.9
Basement of wood frame house 0.6
Masonry house (no basement) 0.6
Basement of masonry house 04
Large office or industrial building 0.2

Source: EGG75
@ Ratio of the interior dose to the exterior dose.

® A wood frame house with brick or stone veneer is approximately
equivalent to a masonry house for shielding purposes.
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Table 3.8. Shielding Factors for Surface Deposition

Representative

Structure or Location Shielding Factor®
Cars on fully contaminated road 0.5
Cars on fully decontaminated 50-feet road 0.25
Trains 0.4
One- and two-story wood-frame house (no basement) 0.4°
One- and two-story block and brick house (no basement) 0.2°
House basement, one or two walls fully exposed 0.1°

One story, less than two feet of basement, wall exposed 0.05°

Two stories, less than two feet of basement, wall exposed 0.03°
Three- or four-story structures, 5,000 to 10,000 square feet per floor

First and second floors 0.05°

Basement 0.01°
Multi-story structures, greater than 10,000 square feet per floor

Upper floors 0.01°

Basement 0.005°

Source: EGG75
@ The ratio of the interior dose to the exterior dose.
bAway from doors and windows.
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Table 3.9. Early Phase Effective Exposure Period (Tgpeep)

Purpose: The effective exposure period multiplied by the exposure or dose rate will give the
total dose during the exposure period when radioactive decay is considered. For the Early Phase,
the deposition exposure is for a period of four days (96 hours).

Ti Tepeep
Effective
Exposure
Half-Life Period
Nuclide i (Hours) (Hours)
°H 1.1x10° 96
Yc 5.0x107 96
“Na 2.3x10* 96
*Na 1.5x10" 21
2p 3.4x10? 87
¥p 6.1x10? 91
¥g 2.1x10° 94
%cl 2.6x10° 96
0K 1.1x10" 96
2K 1.2x10" 18
*Ca 3.9x10° 95
s 2.0x10° 94
i+ 45c? 4.1x10° 96
Y 3.9x10? 88
*icr 6.6x10? 91
*Mn 7.5x10° 96
*Mn 2.6 37
*Fe 2.4x10* 96
*®Co 1.7x10° 94
*Fe 1.1x10° 93
®Co 4.6x104 96
N 8.4x10° 96
#Cu 1.3x10" 18
%Zn 5.9x10° 95
®Ga 1.1 1.6
®Ge + %Ga® 6.9x10° 96
®se 2.9x10° 95
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Table 3.9. Early Phase Effective Exposure Period (Tgpeep) (Continued)
Ti Tepeep
Effective
Exposure
Half-Life Period
Nuclide i (Hours) (Hours)
8Ky 9.4x10* 96
Bmyr 45 6.5
¥Kr 1.3 1.8
8Ky + ¥Rp? 2.8 4.1
*Rb 4.5x10° 89
¥Rb 4.1x10™ 96
®Rb 3.0x10™ 0.43
8Sr 1.2x10° 93
Ogr 2.6x10° 96
sy 9.5 14
Py 6.4x10" 60
oy 1.4x10° 94
olmy 8.3x10" 1.2
®7r 1.3x10" 96
7r 1.5x10° 94
zr 1.7x10" 24
*Nb 1.8x10° 96
%Nb 8.4x10? 92
PMo + T 6.6x10' 60
*Tc 1.9x10° 96
9mTe 6.0 8.7
%Ru 9.4x10° 93
%Ru 4.4 6.4
%°Ru + "®°Rh? 8.8x10° 96
"%Rh 3.5x10" 43
'%Rh 8.3x10® 0.01
Homag 6.0x10° 95
199¢Cd + 1%mAg? 1.1x10* 96
¥mcd 1.2x10° 96
MM 1.2x10° 93
113Sn + 113m|na 28X103 95
'233n 3.1x10° 95
12650 + 120Mgp? 8.8x10° 96
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Table 3.9. Early Phase Effective Exposure Period (Tgpeep) (Continued)
Tirz Tepeep
Effective
Exposure
Half-Life Period
Nuclide i (Hours) (Hours)
'243b 1.4x10° 94
12°3h 3.0x10? 86
126mgh 3.2x10™ 0.46
'273h 9.2x10" 68
1295h 4.3 6.2
2Te 9.4 13
?"Te 2.6x10° 95
29Te 1.2 1.7
129" Te 8.1x10? 92
¥Te 4.2x10™ 0.6
¥imTe 3.0x10" 39
%Te 7.8x10" 65
129) 1.4x10° 94
129) 1.4x10" 96
) 1.9x10? 81
132) 2.3 3.3
3 2.1x10" 29
134 8.8x10" 1.3
139] 4 1My 2 6.6 10
¥1myxe 2.9x10? 86
Bxe 1.3x10? 75
133mxe 5.3x10" 54
¥xe 9.1 13
13mye 2.5x10" 0.37
3xe 2.4x10™" 0.34
s 1.8x10* 96
%Cs 2.0x10"° 96
%Cs 3.1x10? 87
s + 1¥'mBg? 2.6x10° 96
3cs 5.4x10™ 0.77
'¥Ba 9.4x10* 96
137mBa 4.3x10 0.06
“Ba 3.1x10? 86
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Table 3.9. Early Phase Effective Exposure Period (Tgpeep) (Continued)
Ti Tepeep
Effective
Exposure
Half-Life Period
Nuclide i (Hours) (Hours)
10 g 4.0x10' 47
"ice 7.8x10? 92
Ce 3.3x10" 41
Mice + Mpr + py2 6.8x10° 96
*3pr 3.3x10? 87
“pr 2.9x10"" 0.42
1ampy 1.2x10™ 0.17
*Pm 1.6x10° 96
"“Nd 2.6x10? 85
“'Pm 2.3x10" 96
147Sm 9.3><1014 96
¥1Sm 7.9x10° 96
S2Ey 1.2x10° 96
ey 7.7x10* 96
=Y 4.3x10* 96
%Gd 5.8x10° 95
1%0Tp 1.7x10° 94
1%MHo 1.1x10" 96
Tm 3.1x10° 95
vb 7.7x10? 92
2 1.6x10* 96
81t 1.0x10° 93
%274 2.8x10° 95
8T\ 2.4x10' 32
92y 1.8x10° 94
AU 6.5x10" 60
2%Hg 1.1x10° 93
2047 3.3x10* 96
#1%pp 2.0x10° 96
27Bj 3.3x10° 96
210g; 1.2x10? 74
%o 3.3x10° 95
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Table 3.9. Early Phase Effective Exposure Period (Tgpeep) (Continued)
Ti Tepeep
Effective
Exposure
Half-Life Period
Nuclide i (Hours) (Hours)
*Ra 1.4x107 96
2Inc 1.9x10° 96
S\ 6.1 8.8
21Th 4.5x10? 89
28T 1.7x10* 96
20Th 6.7x10° 96
21Th 2.6x10' 34
22Th 1.2x10™ 96
234-|—h + 234mPaa 58)(102 91
#1pg 2.9x10° 96
23pg 6.5x10? 91
22y 6.3x10° 96
23y 1.4x10° 96
24y 2.1x10° 96
25y 6.2x10" 96
2%y 2.1x10" 96
238U 3_9><1013 96
24y 2.1x10° 96
237Np 1.9x10™ 96
29Np 5.7x10" 56
2py 2.5x10* 96
2%py 7.7x10° 96
29py 2.1x10° 96
#9py 5.7x10" 96
1py 1.3x10° 96
22py 3.3x10° 96
1Am 3.8x10° 96
242mAm 1.3x10° 96
#°Am 6.5x10" 96
#2Cm 3.9x10° 95
*Cm 2.5x10° 96
2Cm 1.6x10° 96
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Table 3.9. Early Phase Effective Exposure Period (Tgpeep) (Continued)

T1I2 TEPeepb
Effective
Exposure
Half-Life Period
Nuclide i (Hours) (Hours)
25Cm 7.4x107 96
22¢f 2.3x10* 96

a

the parent

96
—At
T EPeepi = J-O e dt

Where

t = time in hours (96 hours is equivalent to 4 days) and

(1 _ o % )’

A = radioactive decay constant ((In 2)/T4.,)

The early phase effective exposure period is the 96-hour early phase time period

adjusted for radioactive decay.

For nuclides with short-lived daughters (e.g., "*’Cs + "*"™Ba) that are
expected to be in equilibrium. The effective period is based on the half-life of

Early Phase effective exposure period is calculated as follows:
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Table 3.10. Breathing Rates

Purpose: The manual assumes the breathing rate for an adult performing light activity.
However, this slightly overestimates the dose for 24 hours. This table lists the breathing rates for
the Reference Man from ICRP-23 (ICRP74). They can be used in Method M.3.10 to calculate
inhalation dose factors.

Breathing Rate (m®/hr) for Reference Man
Adult Child Infant

Adult Man Woman (10 yr) (1yr) Newborn
Resting (m°/hr) 0.45 0.36 0.29 0.09 0.03
Light Activity (m°/hr) 1.20 1.14 0.78 0.25 0.09

Liters of Air Breathed for Reference Man

8 hr light activity (L) 9,600 9,100 6,240 2,500 (10 hr) 90 (1 hr)
8 hrresting (L) 3,600 2,900 2,300 1,300 (14 hr) 690 (23 hr)
24 hr (L) 23,000 21,000 15,000 3,800 800

Source: ICRP74 (ICRP-23)
? Includes 16 hours light activity and 8 hours resting, except where noted.
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Table 4.1. Relocation PAGs and Long-Term Objectives (Deposited Radioactive Material)

PAGs
PAG (PR)
Protective Action (Projected 1st-Year Dose) Comments
Relocate the general population® > 2,000 mrem®
> 100,000 mrem beta skin dose
Apply simple dose reduction techniques® |< 2,000 mrem® These protective actions
should be taken to reduce
doses to as low as practicable
levels.

Source: EPA92, Table 4-1

® Persons previously evacuated from areas outside the relocation zone defined by this PAG may return to
occupy their residences. Cases involving relocation of persons at high risk from such action (e.g., patients
under intensive care) should be evaluated individually.

The projected sum of effective dose equivalent from external gamma radiation and committed effective dose
equivalent from inhalation of resuspended materials from exposure or intake during the first year. Projected
dose refers to the dose that would be received in the absence of shielding from structures or the application of
dose reduction techniques. These PAGs may not provide adequate protection from some long-lived
radionuclides. Therefore, (1) doses in any single year after the first year will not exceed 0.5 rem and (2) the
cumulative dose over 50 years (including the first and second years) will not exceed 5 rem.

Simple dose reduction techniques include scrubbing and/or flushing hard surfaces, soaking or plowing soil,
minor removal of soil from spots where radioactive materials have concentrated, and spending more time than
usual indoors or in other low-exposure-rate areas. See Method M.4.4 to assess the effectiveness of
decontamination techniques.

Long-Term Objectives
Period Objective
2nd year® 500 mrem”
50 years 5,000 mrem®

Source: EPA92, section 4.2.1

@ Any single year after the first year.

The projected sum of effective dose equivalent
from external gamma radiation and committed
effective dose equivalent from inhalation of
resuspended materials.
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Table 4.2. Relocation Dose Conversion Factors for Deposition (DCFrg;)

Purpose: This table contains the DCFs for the 1st-year, 2nd-year, and 50-year periods of
exposure to deposition. Decay and weathering (as far as it is included in the resuspension
function) have been considered. The DCFs were calculated using the methods described in
Volume 1. The DCF includes dose from external exposure and resuspension. The CEDE from
inhalation has been estimated assuming resuspension factors as described in NCRP99. Chart 4.1
presents comparison plots of various resuspension models. Method M.4.2 can be used to
calculate DCFs for nuclides not in this table or for different resuspension factors.

DCFgg®
15.Year 2".Year 50-Years
mrem

Radionuclide i uCi/m’
*H NC NC NC
"c NC NC NC
“Na 1.5x10? 1.2x10? 6.4x10?
*Na 7.3x10™ 0.0 7.3x10™
2p 1.5x1072 2.8x107° 1.5x1072
%p 5.8x10™ 1.8x10°® 5.8x10™
g 7.6x10™ 2.6x10° 7.9x10™
el 5.9x10 5.5x102 2.8
K 1.2x10" 1.2x10" 6.0x10?
2K 4.4x107 0.0 4.4x107
*Ca 2.9x10° 4.2x10™ 3.4x10°
3¢ 5.0x10' 2.4 5.2x10"
“Ti + *sc 1.8x10? 1.8x10? 6.4x10°
By 1.5x10" 2.5x10® 1.5x10"
¥cr 2.8x10" 3.0x10® 2.8x10"
*Mn 4.5x10' 2.0x10' 8.2x10"
**Mn 5.5x107 0.0 5.5x107
*Fe 4.5x10™ 3.8x10° 5.6x10™
%Co 2.1x10" 5.9x10™ 2.2x10"
*Fe 1.6x10" 5.5x1072 1.6x10"
®Co 1.8x10? 1.6x10? 1.5x10°
N; 1.1x10 1.3x10™ 3.9x10°
®Cu 3.2x10 0.0 3.2x10
7Zn 2.8x10" 1.0x10" 4.4x10"

FRMAC Assessment Manual, Volume 2 45



April 2003

Tables
4.2

Table 4.2. Relocation Dose Conversion Factors for Deposition (DCFgg) (continued)

DCFgrg’
1%-Year 2".Year ‘ 50-Years
mrem

Radionuclide i uCi/m’
®*Ga 1.4x1072 0.0 1.4x1072
®Ge + ®Ga 5.1x10' 2.1x10' 8.8x10'
®se 1.3x10" 1.6 1.5x10"
8Ky NC NC NC
smyr NC NC NC
¥Kr NC NC NC
8Bkr + 8Rp NC NC NC
*Rb 5.6x10™ 7.3x107 5.6x10™
¥Rb 7.8x10° 7.3x10° 3.6x10™
®Rb 2.4x10° 0.0 2.4x10°
89gy® 4.1x107 2.5x10™ 4.2x107
Ogy® 2.5x10™ 4.8x107 1.3
sy 8.7x10 0.0 8.7x107
Oy 4.8x10° 0.0 4.8x10°
lyP 1.1x10™ 1.4x10° 1.1x10™
9tmy 5.8x10 0.0 5.8x10°
®zr 5.6x107 6.6x10° 2.2x10"
%7zr 1.5x10" 2.8x10™ 1.5x10"
zr 4.0x10 0.0 4.0x102
*Nb 1.3x10? 1.2x10? 6.2x10°
®Nb 8.5 6.3x10 8.5
“Mo + *™Tc 2.2x10" 0.0 2.2x10"
*Tc 7.8x10 6.5x10° 3.2x10™
9mTe 9.8x10° 0.0 9.8x10°
"%Ru 5.9 9.3x10° 5.9
%Ru 4.6x102 0.0 4.6x102
1%Ru + '%°Rh 1.3x10" 6.3 2.5x10"
%Rh 3.6x107 0.0 3.6x10%
'%Rh NC NC NC
Momag 1.4x10? 4.9x10' 2.1x10?
199¢q + %Mag 2.0 1.2 4.8
ncq 2.9x10™ 4.9x107 9.4x10"
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Table 4.2. Relocation Dose Conversion Factors for Deposition (DCFgg) (continued)

DCFgrg’
1%-Year 2".Year ‘ 50-Years
mrem

Radionuclide i uCi/m’
MMy 15 8.8x10° 1.5
"3gn + 1M 9.1 1.0 1.0x10"
1233 3.0x10™ 4.2x107 3.5x10™
12650 + 1%Mgp 1.3x10? 1.3x10? 6.4x10°
) 3.3x10' 4.9x10™ 3.3x10'
12°3b 1.1x10" 1.5x10® 1.1x10"
126mgh 6.5x10 0.0 6.5x107
1273 8.4x10™ 0.0 8.4x10™
'295p 8.0x10 0.0 8.0x107
27Te 6.5x10™ 0.0 6.5x10™
127mTe 3.6x10™ 3.5x10 4.0x10™
°Te 9.4x10™ 0.0 9.4x10™
129MTg 4.1x10" 2.2x10™ 4.1x10™
Te 2.3x10° 0.0 2.3x10°
131mTe 5.5x10" 0.0 5.5x10"
%2Te 2.4x10" 0.0 2.4x10"
2 8.2x10" 1.2x1072 8.3x10"
129 2.1 2.1 1.1x10?
3 9.8x10" 2.1x10™ 9.8x10"
132 6.8x107 0.0 6.8x107
133 1.7x10™ 0.0 1.7x10™
134 3.0x102 0.0 3.0x10%
139 4 130My g 1.7x10™ 0.0 1.7x10™
131mye NC NC NC
Bxe NC NC NC
133mxe NC NC NC
3% e NC NC NC
13mxe NC NC NC
38xe NC NC NC
s 1.1x10? 7.5x10" 3.7x10?
%Cs 3.5x10 2.8x10° 1.4x10™
%Cs 8.8 3.6x10® 8.8

FRMAC Assessment Manual, Volume 2

47



April 2003 Tables
4.2

Table 4.2. Relocation Dose Conversion Factors for Deposition (DCFgg) (continued)

DCFgrg’
1%-Year 2".Year ‘ 50-Years
mrem

Radionuclide i uCi/m’
¥Cs + *"™Ba 4.5x10' 4.4x10' 1.3x10°
%Cs 1.6x10 0.0 1.6x102
3Ba 3.1x10' 2.9x10' 4.8x10?
37MBg NC NC NC
%9Bg 7.4x10" 1.8x10°° 7.4x10™
140 g 1.2 0.0 1.2
"ice 7.7x10" 3.2x10™ 7.8x10™
*3Ce 1.2x10™ 0.0 1.2x10"
MiCe + "Mpr + pr 3.2 1.3 5.4
pr 3.7x10° 2.4x10™" 3.7x10°
“pr 1.5x10™ 0.0 1.5x10™
44mpy NC NC NC
“5Ppm 2.6 25 5.8x10'
"“Nd 4.9x10™ 4.8x10™" 4.9x10™
“Pm 9.0x10® 2.4x10° 1.9x10
Sm 1.3x10" 15 5.2x10"
¥Sm 5.6x10° 1.0x10° 3.5x10
S2Ey 8.8x10' 8.3x10' 1.6x10°
YEu 9.4x10' 8.6x10' 1.2x10°
=T 45 3.9 3.4x10"
%3Gd 5.4 1.9 8.3
1907 2.4x10" 7.4x10™ 2.5x10"
100Mbyo 1.4x10° 1.4x10? 6.8x10°
Tm 2.1x10" 3.0x102 2.5x10™
%vp 3.1 1.2x10° 3.1
72t 7.8 5.3 2.5x10"
81t 75 1.9x1072 75
%2Tq 4.1x10" 45 4.6x10"
8T\ 1.5x10™ 0.0 1.5x10™"
192 1.9x10" 6.1x10™ 1.9x10"
%¥Au 3.5x10" 0.0 3.5x10™
Hg 35 1.5x107 35
2047 1.1x10™ 9.2x1072 6.6x10™
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Table 4.2. Relocation Dose Conversion Factors for Deposition (DCFgg) (continued)

DCFgrg’
1%-Year 2".Year ‘ 50-Years
mrem

Radionuclide i uCi/m’
21%pp 2.6 4.6x10" 1.1x10"
207 1.2x10? 1.2x10? 4.0x10°
210 1.1x107 0.0 1.1x107
21%pg 1.3 1.6x1072 1.3
“*Ra 2.0 7.0x10" 3.2x10"
2N 1.2x10° 1.3x10? 2.9x10°
X 7.7x10 0.0 7.7x10%
21Th 1.9 9.0x107 1.9
28Th 5.6x10' 43 6.6x10'
20Th 5.7x10" 6.8 2.3x10?
#1Th 6.4x10° 0.0 6.4x10°
22Th 2.9x10? 3.4x10' 1.2x10°
24Th + 2™pg 2.2x10" 5.9x10® 2.2x10"
21pg 2.3x10? 3.0x10" 1.1x10°
23pg 1.7 1.4x10™ 1.7
22y 1.1x10? 1.3x10' 3.9x10?
23y 2.4x10" 2.8 9.8x10'
24y 2.3x10" 2.8 9.6x10"
25y 3.4x10" 1.5x10" 6.9x10?
26y 2.2x10" 2.6 9.1x10"
28y 2.1x10' 25 8.5x10"
2y class D 2.3x10' 2.8 9.6x10'
U Depleted and Natural © 2.1x10" 25 8.5x10"
U Enriched © 2.3x10' 2.8 9.6x10"
ZNp 9.7x10' 1.3x10" 5.0x10?
ZNp 1.2x10™ 0.0 1.2x10™
2Py 2.4x10" 2.2 3.1x10"
28py 6.8x10' 8.0 2.4x10?
29py 7.5x10" 8.9 3.0x10?
29py 7.5x10" 8.9 3.0x10?
#py 1.4 1.6x10™ 3.1
22py 7.2x10" 8.5 2.9x10?
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Table 4.2. Relocation Dose Conversion Factors for Deposition (DCFgg) (continued)

DCFgrg’
1%-Year 2".Year ‘ 50-Years
mrem

Radionuclide i uCi/m’
Am 8.0x10' 1.1x10" 4.1x10?
242MAm 7.4x10" 8.9 2.9x10?
*8Am 8.1x10' 1.3x10" 5.3x10?
*20m 25 5.0x102 25
3Cm 6.3x10' 1.6x10" 4.4x10?
**Cm 4.3x10' 4.9 1.0x10?
*°Cm 8.6x10' 1.6x10' 6.7x10?
292cf 2.6x10' 2.3 3.3x10"

NC=Not calculated.

 Dose includes external dose from ground shine and CEDE from

resuspension. Ground shine dose factors are from EPA93 and are corrected
for ground roughness. CEDE dose factors are from Federal Guidance Report
No.11 (EPA88). Doses are calculated using Method M.4.2. Initial
resuspension rate (1 x 10'6) and the entire resuspension function are from
NCRP99. The effects of weathering are included in the resuspension factors
since they were derived from data measured following the Chernobyl

incident. The resuspension function is presented in Chart 4.1.

For strontium and yttrium, beta dose to the skin from resuspension may be
critical. See Table 4.5.

For natural and depleted uranium, it is assumed that all of the release is U,
and for enriched uranium, it is assumed that all of the release is **‘U. The
activity of enriched uranium is dominated by the concentration of 24U
(because of its high SpA). Releases of natural and enriched uranium will be
composed of a mixture of >**U, ?°U, and #**U. Information for specific
uranium mixtures can be found in Volume 3, Section 5 (Nuclear Fuel
Accident/Incident).
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Table 4.3. Relocation Derived Response Levels for Deposition (DRLgg;)

Purpose: This table contains the Relocation deposition DRLs (DRLgg;) for the 1st-year, 2nd-
year, and 50-year periods of exposure to deposition. The Relocation deposition DRL expresses
the Relocation PAG in terms of the level of deposition on the ground that corresponds to a
projected dose equal to the PAG. Method M.4.2 can be used to calculate DRLs for other
nuclides or for different assumptions.

DRLgg"

1%.-Year 2".Year 50-Years
Radionuclide i uCi/m>
°H NC NC NC
“c NC NC NC
“’Na 1.3x10" 43 7.8
*Na 2.7x10° None* 6.9x10°
2p 1.4x10° 1.8x10" 3.4x10°
¥p 3.5x10° 2.8x10" 8.7x10°
S 2.6x10° 1.9x10" 6.4x10°
¢l 3.4x10* 9.0x10° 1.8x10°
K 1.7x10? 4.2x10" 8.4
2K 4.5x10" None 1.1x10°
*Ca 7.0x10° 1.2x10° 1.5x10°
3¢ 4.0x10" 2.1x10? 9.6x10'
T + M50 1.1x10" 2.8 7.8x10™
8By 1.4x10? 2.0x10° 3.4x10?
*Icr 7.3x10° 1.7x10’ 1.8x10*
*Mn 4.4x10' 2.5x10' 6.1x10"
*®Mn 3.6x10* None 9.1x10*
*Fe 4.5x10° 1.3x107 9.0x10°
*®Co 9.5x10' 8.4x10° 2.3x10?
*Fe 1.2x10? 9.1x10° 3.1x10?
®Co 1.1x10" 3.2 34
N 1.8x10° 3.9x10° 1.3x10°
%Cu 6.3x10* None 1.6x10°
Zn 7.1x10" 5.0x10' 1.1x10?
®Ga 1.4x10° None 3.5x10°
®Ge + ®*Ga 3.9x10' 2.4x10" 5.7x10"

*The DCF for the second year was zero, so there is no second-year DRL.
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Table 4.3. Relocation Derived Response Levels for Deposition (DRLggi) (continued)

DRLgg"

1%-Year 2".Year ‘ 50-Years
Radionuclide i uCi/m’
*se 1.6x10? 3.2x10? 3.4x10?
8Ky NC NC NC
8mr NC NC NC
¥Kr NC NC NC
8Kr + ®Rb NC NC NC
*Rb 3.6x10° 6.9x10° 8.9x10°
¥Rb 2.6x10° 6.9x10* 1.4x10*
®Rb 8.4x10° None 2.1x10°
sbgy 4.8x10* 2.0x10° 1.2x10°
obgy 8.1x10° 1.0x10* 3.8x10°
gy 2.3x10* None 5.8x10*
0yP 4.1x10° None 1.0x10°
Sy® 1.8x10* 3.5x10° 4.4x10*
9lmy 3.4x10° None 8.6x10°
Bzr 3.6x10* 7.6x10* 2.2x10*
%®7r 1.4x10? 1.8x10° 3.3x10?
zr 5.1x10* None 1.3x10°
*Nb 1.6x10" 4.0 8.0x10"
*Nb 2.4x10? 7.9x10* 5.9x10?
“Mo + #™Tc 8.9x10° None 2.2x10*
*Tc 2.6x10° 7.6x10* 1.5x10*
®MTe 2.0x10° None 5.1x10°
%Ru 3.4x10? 5.3x10* 8.5x10?
%Ru 4.4x10* None 1.1x10°
%Ru + "Rh 1.6x10? 7.9x10' 2.0x10?
'%Rh 5.5x10* None 1.4x10°
'%°Rh NC NC NC
MomAg 1.5x10" 1.0x10" 2.3x10"
199¢Cd + 1%"Ag 9.8x10? 4.2x10° 1.0x10°
mcq 7.0x10° 1.0x10* 5.3x10°
M4m 1.4x10° 5.7x10* 3.4x10°
350 + 13Mn 2.2x10? 5.0x10? 4.9x10?
1235 6.6x10° 1.2x10* 1.4x10*
265N + 1%Mgp 1.6x10" 3.9 7.8x10"
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Table 4.3. Relocation Derived Response Levels for Deposition (DRLggi) (continued)
DRLgg"
1%-Year 2".Year ‘ 50-Years
Radionuclide i uCi/m’
'243p 6.1x10" 1.0x10° 1.5x10?
12°Sb 1.8x10? 3.3x10"° 4.5x10?
126mgp 3.1x10° None 7.7x10°
'?'sb 2.4x10° None 5.9x10°
'#sb 2.5x10* None 6.2x10*
?Te 3.1x10° None 7.7x10°
12ImTe 5.5x10° 1.4x10* 1.2x10*
*Te 2.1x10° None 5.3x10°
129MTe 4.9x10° 2.3x10° 1.2x10*
P1Te 8.7x10° None 2.2x10°
131mTg 3.6x10° None 9.0x10°
%2Te 8.3x10° None 2.1x10*
125 2.4x10° 4.1x10* 6.0x10°
) 9.4x10? 2.4x10? 4.7x10"
3 2.0x10° 2.4x10" 5.1x10°
132 2.9x10* None 7.3x10*
13 1.2x10* None 3.0x10*
134 6.7x10* None 1.7x10°
135) 4. 135my o 1.2x10* None 3.0x10*
131mxe NC NC NC
Bxe NC NC NC
133mxe NC NC NC
¥xe NC NC NC
135mxe NC NC NC
%¥xe NC NC NC
%Cs 1.9x10" 6.6 1.4x10"
35Cs 5.7x10° 1.8x10° 3.6x10*
%Cs 2.3x10? 1.4x10"° 5.7x10?
¥Cs + ¥"™Ba 4.5x10' 1.1x10" 37
*Cs 1.3x10° None 3.2x10°
3Ba 6.4x10' 1.7x10" 1.0x10"
37MBg NC NC NC
149Bg 2.7x10° 2.8x10" 6.8x10°
0L g 1.7x10° None 4.3x10°
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Table 4.3. Relocation Derived Response Levels for Deposition (DRLggi) (continued)

DRLgg"

1%-Year 2".Year ‘ 50-Years
Radionuclide i uCi/m’
"ice 2.6x10° 1.6x10° 6.4x10°
“3ce 1.6x10* None 4.0x10*
WCe+ "MMpr + pr 6.2x10? 3.9x10? 9.2x10?
pr 5.5x10° 2.1x10" 1.4x10°
“pr 1.4x10" None 3.4x107
M4mpy NC NC NC
“5Pm 7.6x10? 2.0x10? 8.6x10"
"Nd 4.1x10° 1.0x10" 1.0x10*
“Pm 2.2x10° 2.1x10° 2.7x10°
“Sm 1.5x10? 3.3x10? 9.5x10'
¥1Sm 3.6x10° 4.9x10° 1.4x10°
S2Ey 2.3x10' 6.0 3.1
YEy 2.1x10’ 5.8 4.1
ey 4.4x10° 1.3x10? 1.5x10?
%3Gd 3.7x10? 2.6x10? 6.0x10?
1%0Tp 8.2x10' 6.8x10° 2.0x10?
166MHo 1.4x10" 3.6 7.3x10"
"Tm 9.3x10° 1.7x10* 2.0x10*
%%y 6.4x10? 4.3x10° 1.6x10°
"T2Hf 2.6x10? 9.4x10" 2.0x10?
81t 2.7x10? 2.6x10* 6.7x10?
18274 4.9x10" 1.1x10? 1.1x10?
8T\ 1.3x10* None 3.3x10*
92 1.1x10? 8.2x10? 2.6x10?
%A 5.7x10° None 1.4x10*
?%Hg 5.8x10? 3.3x10* 1.4x10°
2047 1.8x10* 5.4x10° 7.6x10°
21%pp 7.8x10? 1.1x10° 4.5x10?
207 1.7x10" 4.3 1.3
210B; 1.9x10° None 4.7x10°
2pg 1.5x10° 3.1x10* 3.8x10°
“*Ra 9.9x10? 7.1x10° 1.6x10?
“2Tnc 1.7 3.8 1.7
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Table 4.3. Relocation Derived Response Levels for Deposition (DRLggi) (continued)

DRLgg"

1%-Year 2".Year ‘ 50-Years
Radionuclide i uCi/m’
28Ac 2.6x10* None 6.5x10"
221Th 1.0x10° 5.6x10° 2.6x10°
228Th 3.5x10" 1.2x10? 7.6x10"
230Th 3.5x10" 7.4x10" 2.2x10"
#'Th 3.1x10° None 7.9x10°
22Th 7.0 1.5x10" 4.3
24Th + 24Mpg 9.3x10° 8.5x10" 2.3x10*
2pg 8.8 1.7x10" 4.7
*¥pg 1.2x10° 3.5x10° 2.9x10°
22y 1.7x10" 3.7x10' 1.3x10"
23y 8.5x10" 1.8x10? 5.1x10'
24y 8.6x10' 1.8x10? 5.2x10"
25y 6.0x10' 3.4x10" 7.2
2%y 9.1x10" 1.9x10? 5.5x10"
28y 9.7x10' 2.0x10? 5.9x10"
24U class D 8.6x10' 1.8x10? 5.2x10"
U Depleted and Natural® 9.7x10' 2.0x10? 5.9x10"
U Enriched® 8.6x10' 1.8x10° 5.2x10"
“"Np 2.1x10" 3.7x10' 1.0x10"
“Np 1.6x10* None 4.0x10*
2%6py 8.2x10" 2.3x10? 1.6x10?
2¥py 2.9x10' 6.2x10" 2.1x10"
29py 2.7x10" 5.6x10' 1.7x10"
*py 2.7x10' 5.6x10' 1.6x10"
*py 1.4x10° 3.2x10° 1.6x10°
#42py 2.8x10" 5.9x10" 1.7x10"
#1Am 2.5x10" 4.4x10" 1.2x10"
242mAm 2.7x10" 5.6x10' 1.8x10'
*PAm 2.5x10' 3.7x10' 9.5
*2Cm 8.0x10? 1.0x10* 2.0x10°
*8Cm 3.2x10" 3.1x10" 1.1x10"
*Cm 4.7x10" 1.0x10? 4.9x10'
*°Cm 2.3x10' 3.0x10' 7.4
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Table 4.3. Relocation Derived Response Levels for Deposition (DRLggi) (continued)

DRLgg’
1%L.Year | 2".Year ‘ 50-Years

Radionuclide i uCi/m’
2ct 76x10" | 22102 | 15x10?

NC=Not calculated.

a

DRLs are based on the DCFs in the previous table and are calculated using
Method M.4.2.

For strontium and yttrium, beta dose to the skin from resuspension may be
critical. See Table 4.5.

For natural and depleted uranium, it is assumed that all of the release is
2%, and for enriched uranium, it is assumed that all of the release is ***U.
The activity of enriched uranium is dominated by the concentration of ***U
(because of its high SpA). While releases from natural and enriched
uranium will be composed of a mixture of 2*U, 2°U, and #**U, the dose
factors of all these nuclides are all within 10 percent. Therefore, it is
reasonable to use a single DRL. Information for specific uranium mixtures
can be found in Volume 3, Section 5 (Nuclear Fuel Accident/Incident).

FRMAC Assessment Manual, Volume 2

56



April 2003 Tables
4.4

Table 4.4. Relocation Dose Conversion Factor for Inhalation of Resuspended Material

Purpose: This table provides committed effective dose equivalent for one year per unit air
concentration. It is assumed that the air concentration is maintained by resuspension, and only
decay is assumed to reduce the air concentration with time. This should be conservative after an
accident because no reduction is assumed for weathering.

DCFgra’
Nuclide i (mrem)/(uCi/m?)
*H (HTO) 9.8x10?
C (Organic) 2.2x10*
*’Na 7.1x10*
*Na 3.1x10"
2p 9.2x10°
3p 2.4x10°
¥g 8.5x10°
el 2.3x10°
0K 1.3x10°
2K 2.9x10"
*Ca 3.5x10*
*Sc 9.8x10*
i+ %S¢ 1.1x10"
By 6.9x10°
cr 3.8x10?
*Mn 4.8x10*
**Mn 1.7
*Fe 2.5x10*
%®Co 3.1x10*
*Fe 2.7x10*
®Co 2.2x10°
N 6.6x10*
%Cu 6.1
Zn 1.3x10°
®Ga 2.7x10"
8Ge + %Ga 3.6x10°
"*se 3.7x10*
8Ky NC
BmKr NC
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Table 4.4. Relocation Dose Conversion Factor for Inhalation of Resuspended Material (continued)

DCFga
Nuclide / (mrem)/(uCi/m®)
8Kr NC
8Kr + ®Rb NC
*Rb 5.1x10°
*Rb 3.4x10*
®Rb 4.3x107
89gy 8.6x10*
Ogr 1.3x107
ssr 2.7x10"
Oy 9.3x10?
My 1.2x10°
o1my 5.2x1072
B7r 3.4x10°
®7r 6.2x10*
7r 1.3x10?
*Nb 4.4x10°
*Nb 8.5x10°
Mo + *"T¢ 4.5x10?
“Tc 8.8x10*
9mTe 3.4x10™
%Ru 1.5x10*
%Ru 3.5
%R_u + "®Rh 3.6x10°
%Rh 5.8x10'
%Rh NC
Momag 5.3x10°
199¢d + "%mAg 9.3x10°
mcd 1.6x10"
MM R 1.8x10°
M3gn + M3M)n 4.5x10*
1235 1.5x10°
1265 + 12°Mgp 1.0x10°
12435p 6.2x10*
1263h 6.0x10°
126mgp 1.9x1072
27sb 9.6x10?
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Table 4.4. Relocation Dose Conversion Factor for Inhalation of Resuspended Material (continued)
DCFga
Nuclide / (mrem)/(uCi/m®)
129gh 4.8
2TTe 5.2
127MTe 8.8x10*
*Te 1.8x10™
129MTg 3.3x10*
¥Te 3.4x10"
1¥ImTe 3.3x10?
¥2Te 1.3x10°
129 5.9x10*
129 1.8x10°
) 1.1x10*
132 15
133 2.1x10?
¥ 2.0x10"
135 4 139Mxe 1.4x10"
131mxe NC
Bxe NC
13mxe NC
3xe NC
138mxe NC
%xe NC
s 4.1x10°
%Cs 4.8x10*
3Cs 4.0x10°
s + ¥'™Ba 3.3x10°
%Cs 9.4x102
3Ba 7.9x10*
137mBa NC
%9Bg 2.0x10°
"La 3.4x10?
“ice 1.2x10*
“ce 1.9x10?
ice + "mpr + pr 2.6x10°
“3pr 4.6x10°
*pr 2.2x10%
MAmpy NC
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Table 4.4. Relocation Dose Conversion Factor for Inhalation of Resuspended Material (continued)

DCFra’
Nuclide / (mrem)/(uCi/m®)
*5Pm 3.1x10°
"“Nd 3.1x10°
*'Pm 3.6x10°
*'Sm 7.9x10°
¥'Sm 3.1x10°
= 2.3x10°
ey 2.9x10°
ey 4.1x10°
%Gd 1.6x10°
*Th 7.3x10*
166MHo 8.1x10°
Tm 1.2x10°
%%vb 1.1x10*
2Kt 2.8x10°
1t 2.7x10*
182Ta 1.9x10°
87\ 2.6x10'
9 8.4x10"
%A 3.7x10?
2PHg 1.4x10*
2047 2.3x10*
#1%pp 1.4x10°
7R 2.1x10°
2105; 4.1x10*
#1%pq 4.5x107
Ra 9.0x107
2Inc 6.9x10"°
X 3.3x10°
#1Th 1.3x10"
#2%Th 3.0x10°
20Th 3.4x10°
2'Th 3.9x10"
22T 1.7x10"
234Th + 234mpa 35)(1 04
21pg 1.3x10"°
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Table 4.4. Relocation Dose Conversion Factor for Inhalation of Resuspended Material (continued)

DCFr.®
Nuclide / (mrem)/(uCi/m®)
*¥pg 1.1x10*
22y 6.9x10°
23y 1.4x10°
24y 1.4x10°
2y 1.3x10°
2y 1.3x10°
28y 1.2x10°
U Depleted 1.2x10°
U Natural 1.2x10°
U Enriched 1.4x10°
24y class D 2.9x10"
#Np 5.7x10°
2Np 2.5x10?
2%py 1.4x10°
2Py 4.1x10°
*%py 4.5x10°
20py 4.5x10°
#py 8.5x10’
#2py 4.3x10°
#1Am 4.7x10°
242mAm 4.5x10°
#Am 4.6x10°
#2Cm 9.2x107
2Cm 3.2x10°
#Cm 2.6x10°
*°Cm 4.8x10°
»2cf 1.5x10°
NC=Not calculated.
@ Calculated using the dose factors in Table 3.3 times

the Intermediate Phase effective exposure period (see
Table 4.6).
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Table 4.5. Intermediate Phase Dose Conversion Factors for Skin Dose from Deposition

Purpose: This table provides the total dose to the skin from one-year exposure to deposition.
This includes dose equivalent integrated for a one-year exposure at 1-meter height plus the
estimated dose to the skin from material deposited on the skin as a result of resuspension
(EPA92). These factors consider decay and weathering and should be conservative. The skin
dose from resuspension is not considered critical for a reactor accident. Skin dose is projected
based on deposition due to the difficulty in estimating skin dose based on other methods.

DCFgyin (1st yr)

Nuclide / (mrem)/(pCi/m?)
*%Co 1.20x10™
®Co 4.20x10™
*Rb 6.30x10"
8gr 1.50x10?
Ogr 1.20x10"
Oy 2.20x10?
oy 1.60x10?
%zr 7.20x10"
*Nb 6.10x10™
“Mo 4.40
®mre 7.70x107
'®Ru 6.80x10""
%Ry + "%°Rh 6.40x10™
'%°Rh 6.50x1072
'27sb 3.40
2Te 1.00
127mTg 7.80x10™
2Te 5.00x10™
129mTe 3.40x10’
¥ImTe 2.90x10™
%Te 5.40x10°
3 8.50x10™
%) 5.00x10"
¥Cs 2.60x10"
%cs + 1%°Bg 1.40x10™
¥cs + 1¥'™Bg 2.10x10'
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Table 4.5. Intermediate Phase Dose Conversion Factors for Skin Dose from Deposition
(continued)
DCFgyin (1st yr)

Nuclide i (mrem)/(nCi/m?)

*Ba 9.10

"La 1.20x10

“Ice 6.60x10™

$Ce 2.30

*Ce + "Pr 8.70x10™

*3pr 1.30x10

"*'Nd 4.30

*Np 3.40x107

28py2 0.00

29p2 0.00

#0py2 0.00

#1py? 0.00

*Am 4.60x107

#2Cm? 0.00

#Cm? 0.00

Source: EPA92 (Table 7-5) multiplied by 1 x 10° to convert to

mrem/uCi except where noted by “a.” DCFs for the nuclides

indicated by “a” are from EPA89 Table A.1.
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Table 4.6. Intermediate Phase Effective Exposure Period (Tipeep)

Purpose: The effective exposure period multiplied by the exposure or dose rate will give the
total dose during the exposure period when radioactive decay is considered. For the Intermediate
Phase, the external exposure is for a period of 8,760 hours (1 year).

Radionuclide / T2 Tipeep 2" Year 50-Year Effective
Half-Life 1% Year Effective Exposure Period
(hr) Effective Exposure (Eff. hr) ©
Exposure Period
Period (Eff. hr) ©
(Eff. hr) °
°H 1.1x10° 8519 8054 146647
"c 5.0x107 8759 8758 436678
“Na 2.3x10* 7690 5892 32884
*Na 1.5x10" 22 0 22
p 3.4x10? 495 0 495
®p 6.1x102 879 0 879
S 2.1x10° 2860 158 3028
el 2.6x10° 8760 8760 437975
K 1.1x10" 8760 8760 438000
2K 1.2x10" 18 0 18
*Ca 3.9x10° 4448 942 5644
3¢ 2.0x10° 2761 135 2903
MTi + “sc? 4.1x10° 8696 8570 310484
By 3.9x10? 562 0 562
Ycr 6.6x10? 959 0 959
*Mn 7.5x10° 6005 2672 10820
**Mn 2.6 4 0 4
*Fe 2.4x10* 7726 5977 34123
%Co 1.7x10° 2383 67 2451
*Fe 1.1x10° 1537 5 1542
®Co 4.6x10* 8208 7197 66522
i 8.4x10° 8728 8666 367652
®Cu 1.3x10" 18 0 18
®Zn 5.9x10 5452 1932 8445
®Ga 1.1 2 0 2
®Ge + %Ga® 6.9x10° 5829 2422 9972
Se 2.9x10° 3646 441 4148
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Table 4.6. Intermediate Phase Effective Exposure Period (Tipeep) (continued)
Tin2 Tipeep” ° °
Half-Life 1% Year 2" Year 50-Year
(hr) Effective Effective Effective
Exposure Exposure Exposure
Period Period Period
Radionuclide i (Eff. hr) (Eff. hr) (Eff. hr)
8Kr 9.4x10* 8483 7952 130136
G 45 6 0 6
¥Kr 1.3 2 0 2
8Kr + 8Rp® 2.8 4 0 4
*Rb 4.5x10° 646 0 646
¥Rb 4.1x10" 8760 8760 438000
®Rb 3.0x10™ 0.4 0 0
gy 1.2x10° 1737 12 1749
Ogy 2.6x10° 8657 8453 256077
sy 9.5 14 0 14
Oy 6.4x10' 92 0 92
My 1.4x10° 1999 26 2026
simy 8.3x10" 1.2 0 1.2
®7r 1.3x10" 8760 8760 437995
%zr 1.5x10° 2173 42 2215
zr 1.7x10" 24 0 24
*Nb 1.8x108 8760 8760 437626
*Nb 8.4x10? 1216 1 1217
PMo + #"Tc? 6.6x10' 95 0 95
®Tc 1.9x10° 8760 8760 437964
MG 6.0 9 0 9
"Ru 9.4x10? 1358 2 1360
%Ru 4.4 6 0 6
%°Ru + '"°Rn? 8.8x10° 6336 3187 12749
'%Rh 3.5x10' 51 0 51
"®Rh 8.3x107 0.01 0 0.01
Momag 6.0x10° 5509 2002 8653
199¢d + 1PMAg? 1.1x10* 6753 3914 16066
Mcq 1.2x10° 8541 8116 158434
MM IR 1.2x10° 1704 10 1714
Mgp + M3mp2 2.8x10° 3543 393 3985
'#sn 3.1x10° 3842 542 4474
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Table 4.6. Intermediate Phase Effective Exposure Period (Tipeep) (continued)

b

Cc

C

T1I2 TIPeep
Half-Life 1% Year 2" Year 50-Year
(hr) Effective Effective Effective
Exposure Exposure Exposure

Period Period Period

Radionuclide i (Eff. hr) (Eff. hr) (Eff. hr)
1265n + 1Mgp? 8.8x10° 8760 8760 437924
'243b 1.4x10° 2053 31 2084
12°Sb 3.0x10? 429 0 429

126mgp 3.2x10™ 0.5 0 0.5
'?’sb 9.2x10" 133 0 133
'25p 4.3 6 0 6
2Te 9.4 13 0 13
12IMTe 2.6x10° 3404 334 3774
2Te 1.2 2 2
129MTe 8.1x10? 1163 0.6 1163

PTe 4.2x10™ 0.6 0.6
B¥imTe 3.0x10' 43 43
32Te 7.8x10" 113 113
! 1.4x10° 2051 31 2082
129) 1.4x10" 8760 8760 438000
) 1.9x10° 278 0 278
132) 2.3 3 0 3
% 2.1x10" 30 0 30

Bl 8.8x10" 1.3 0 1.3
139) 4 130my g2 6.6 10 0 10
131mxe 2.9x10? 412 0 412
*Xe 1.3x10? 182 0 182
133mxe 5.3x10" 76 0 76
3%e 9.1 13 0 13

139mxe 2.5x10" 0.4 0 0.4

38xe 2.4x10" 0.3 0 0.3
¥cs 1.8x10* 7440 5316 26060
35Cs 2.0x10" 8760 8760 437997
%Cs 3.1x10? 454 0 454
¥cs + 1¥7MBg? 2.6x10° 8660 8462 259719

38Cs 5.4x10"" 0.8 0 0.8
3Ba 9.4x10* 8483 7953 130347
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Table 4.6. Intermediate Phase Effective Exposure Period (Tipeep) (continued)
Tin2 Tipeep” ° ¢
Half-Life 1% Year 2" Year 50-Year
(hr) Effective Effective Effective
Exposure Exposure Exposure
Period Period Period
Radionuclide i (Eff. hr) (Eff. hr) (Eff. hr)
¥'"Ba 4.3x107 0.1 0 0.1
140Bg 3.1x10? 441 0 441
"La 4.0x10' 58 0 58
“ce 7.8x10° 1125 0.5 1125
"Ce 3.3x10" 48 0 48
*Ce + *Mpr + P 6.8x10° 5801 2382 9844
pr 3.3x102 470 0 470
“pr 2.9x10" 0.4 0 0.4
14mpy 1.2x10™ 0.2 0 0.2
“pm 1.6x10° 8591 8261 192122
"“'Nd 2.6x102 380 0 380
“Pm 2.3x10* 7698 5911 33154
“Sm 9.3x10™ 8760 8760 438000
¥1Sm 7.9x10° 8726 8659 363525
92Ey 1.2x10° 8536 8104 155952
SEu 7.7x10* 8424 7786 109048
=T 4.3x10* 8175 7109 62627
%3Gd 5.8x10° 5434 1910 8379
T 1.7x10° 2428 73 2503
1%MHo 1.1x10" 8757 8752 431735
"Tm 3.1x10° 3830 536 4453
*Yb 7.7x10? 1108 0.4 1108
"2Hf 1.6x10* 7320 5053 23633
"THf 1.0x10° 1464 4 1468
"®Ta 2.8x10° 3541 392 3982
W 2.4x10" 34 0 34
" 1.8x10° 2479 81 2563
*Au 6.5x10" 93 0 93
?®Hg 1.1x10° 1606 7 1614
2007 3.3x10* 8004 6662 47754
21%pyp, 2.0x10° 8625 8361 222257
207 3.3x10° 8681 8524 287327
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Table 4.6. Intermediate Phase Effective Exposure Period (Tipeep) (continued)
Tz Tipeep” ’ ’
Half-Life 1% Year 2" Year 50-Year
(hr) Effective Effective Effective
Exposure Exposure Exposure
Period Period Period
Radionuclide i (Eff. hr) (Eff. hr) (Eff. hr)
210B; 1.2x10? 174 0 174
21pg 3.3x10° 4021 646 4791
“*Ra 1.4x107 8758 8754 433290
=\ 1.9x10° 8622 8352 219152
BN 6.1 9 0 9
221Th 4.5x10° 648 0.001 648
?5Th 1.7x10* 7349 5115 24178
?Th 6.7x10° 8760 8760 437901
#'Th 2.6x10' 37 0 37
22Th 1.2x10™ 8760 8760 438000
*pg 2.9x10° 8760 8760 437768
**pa 6.5x102 935 0.1 935
22y 6.3x10° 8718 8634 347644
23y 1.4x10° 8760 8760 437952
Y 2.1x10° 8760 8760 437969
25y 6.2x10"2 8760 8760 438000
28y 2.1x10" 8760 8760 438000
28y 3.9x10" 8760 8760 438000
“'Np 1.9x10" 8760 8760 437996
“*Np 5.7x10" 82 0 82
2py 2.5x10* 7776 6098 36031
28py 7.7x10° 8725 8657 361843
29py 2.1x10° 8760 8760 437685
*py 5.7x10" 8760 8759 436841
#py 1.3x10° 8553 8151 165589
#2py, 3.3x10° 8760 8760 437980
*"Am 3.8x10° 8753 8739 420899
242MAm 1.3x10° 8740 8700 391654
*PAm 6.5x107 8760 8759 436973
#2Cm 3.9x10° 4445 940 5637
*Cm 2.5x10° 8654 8446 253425
**Cm 1.6x10° 8594 8272 195108
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Table 4.6. Intermediate Phase Effective Exposure Period (Tipeep) (continued)

T1I2 TIPeepb ¢ ¢
Half-Life 1% Year 2" Year 50-Year
(hr) Effective Effective Effective
Exposure Exposure Exposure
Period Period Period
Radionuclide i (Eff. hr) (Eff. hr) (Eff. hr)
#5Cm 7.4x107 8760 8759 437108
22¢f 2.3x10* 7704 5924 33339

?  For nuclides with short-lived daughters (e.g., *’Cs and "*’™Ba) that are expected to be

in equilibrium, the effective period is based on the half-life of their parent.

®  Intermediate Phase Effective exposure period is calculated as follows for the first year:

8760 2
T 1Peepi = J.O e dt

_ % (1 _ o876 )’

Where
t = time in hours (8760 is the number of hours in one year) and
A = radioactive decay constant ((In 2)/T,,)

The first-year intermediate phase effective exposure period is 1 year (8760-hours)
adjusted for radioactive decay.

Calculations for the second year and for 50 years are similar, with the integration limits
being changed to fit the calculation.
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Table 5.1. Ingestion PAG

The ingestion PAG is expressed in terms of committed dose (to age 70) due to ingestion of
contaminated food for one year.

PAG (rem) Dose Quantity Qualifier

0.5 CEDE

Whichever is more limiting

5 CDE to an individual tissue or organ

Source: FDA98
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Table 5.2. Ingestion DILs

Radionuclide Group FDA DIL* (Bq/kg) FDA DIL? (pCi/kg)
Principal Nuclides

%S¢ 160 4300

Bl 170 4600

Bics + Bcs 1200 32000

28py + %Py + **'Am 2 54

%Ry + '%Ru ("Ru/6800) + ('*°Ru/450)<1 ('Ru/180,000) +

("%*Ru/12,000)<1

Secondary Nuclides

Sy 1400 38000

oy 1200 32000

7y 4000 110000

Nb 12000 320000

$2Te 4400 120000

129 56 1500

| 7000 190000

140Ba 6900 190000

Hce 7200 190000

e 500 14000

>"Np 4 110

2 Np 28000 760000

#lpy 120 3200

*2Cm 19 510

Cm 2 54

* A food sample is considered to exceed the DIL if it meets or exceeds the DIL for any
individual nuclide. Analysis results are not summed across nuclides except for the
combinations specifically stated (i.e., **Cs + *’Cs, ***Pu + *’Pu + **' Am, and 'Ru +

106Ru)'
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Table 5.3. Ingestion Protective Actions

Purpose: HHS has developed guidance (FDA98) on the protective actions that should be
considered if the ingestion of contaminated food may result in doses that meet or exceed the
PAG. This guidance is summarized below.

Simple Precautionary Actions
Actions prior to declaration of Site Area Emergency or General Emergency
All foods Modest adjustment of normal operations prior to arrival of contamination (e.g., cover
exposed products).
Animals Move to shelter, corral livestock, provide protected feed and water.
Precautionary Action with Potential for Substantial Impact
May be taken at declaration of General Emergency
All foods Apply a temporary embargo on products if prediction of off-site contamination is
persuasive.
Actions to Salvage Contaminated Products
Actions to eliminate contamination or reduce to acceptable levels.
All foods Isolate by temporary embargo until survey and initial sampling is completed.
Determine whether condemnation or other disposition is appropriate.
Milk Hold for decay or divert to other products involving adequate decay during processing
(e.g., cheese, butter, dry milk solids, evaporated milk).
Fruits and Wash, brush, scrub or peel to remove surface contamination. Preserve by canning,
Vegetables freezing, dehydration, or storage to permit decay.
Grains Process by milling and polishing to remove surface contamination.
Packaged food | Wash or vacuum to remove surface contamination.

Note: No actions are to be implemented that place personnel in jeopardy from an imminent
release, or that may interfere with them taking shelter, or cause them to leave shelter during a

release.
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Table 5.4. Ingestion Deposition Derived Response Level

Purpose: The DRLs in this table represent the deposition level of a single radionuclide that
would indicate that fresh produce or milk (from cows consuming contaminated fresh forage)
produced in an area with this level of deposition may result in radioactivity concentrations in
food equal to or greater than the FDA DILs. They were calculated using the method presented in
the notes following the table. Method M.5.8 can be used to calculate DRLs for nuclides not
listed or for different assumptions.

DRLjngg DRLjngg”
Fresh Produce Grazing Cow Deposition
Deposition Grass-Cow-Infant

Radionuclide i pCi/m? pCi/m?
Principal Nuclides
Ogy 4.3x107 4.3x102
) 9.2x10° 1.5x1072
%cs 3.2x10" 1.1x10”
¥Cs 3.2x10™ 1.1x10™
?py 5.4x10™ 1.4
?pu 5.4x10™ 1.4
*1Am 5.4x10™ 1.0
"%Ru 1.8 1.6x10°
%Ru 1.2x10™ 1.0x10?
¥cs + ¥Cs 3.2x10" 1.1x10"
28py + P9y + 2'Am 5.4x10™ 1.4
'%Ru + "®Ru NC* NC
Secondary Nuclides
%gr 3.8x10 3.9x10™
sy 3.2x10" 1.5x10"
*zr 1.1 5.6x10°
*Nb 3.2 2.3x10*
2Te 1.2 1.1x10’
129 1.5x1072 4.2x10°
133) 1.9 2.6
'“Ba 1.9 1.2x10"
“Ice 2.0 1.9x10?
ce 1.4x10™ 1.3x10'
2"Np 1.1x10°° 6.2x10™

NC = Not calculated.
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Table 5.4. Ingestion Deposition Derived Response Level (Continued)

DRLjngg DRLjngg”
Fresh Produce Grazing Cow Deposition
Deposition Grass-Cow-Infant

Radionuclide i pCi/m? pCi/m?

**Np 7.6 7.6x10°

#py 3.2x10 8.1x10'
*2Cm 5.1x10 7.2

*Cm 5.4x10™ 7.6x10"

#  Produce.

_ DIL(pCi/kg)x ¥(kg/m* )x CF

DRL,,,, (uCi/m*)

® DRL for the forage for grass-cow-infant pathway is calculated as described below.

See Method M.5.8 for a further discussion of the calculation of deposition DRLS.

DIL (pCi/kg)x Y (kg/mz)x P ¥ CF

Umw(kg/d)x FX frx f, (d/L)

DRL,,, (ycl'/m2 ):

Where
DIL (pCi/kg) = DIL for milk or food concentrations from Table 5.2.
Y(kg/m?) = Productivity (2 kg/m? for produce; 0.7 kg/m? for pasture) (See
Table 5.9).
r = Retention factor. This manual assumed 0.5 for pasture and 0.2
for produce (except for radioiodines, for which 1 was used) (see
Table 5.9).
Ucow = Cow consumption (50 kg/day fresh) (See Table 5.9).
Jr = Fraction of cow’s diet that is contaminated. This manual used
one.
fm(d/L) = Transfer factor for each radionuclide from Table 5.6.
CF = Conversion factor for units (as needed).
Pmitk = Density of milk ( 1 kgl/liter).
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Table 5.5. Fresh-To-Dry-Weight Ratios for Various Food Crops and Forage (adapted from

NRC83 Table 5.16)

Purpose: These fresh-to-dry weight ratios may be needed to adjust DRLs to fit the situation

being assessed. For example, the DRLs in Tables 5.4 and 5.10 were calculated using fresh forage
weight. If dry weights are provided then these ratios would be used to modify the DRLs.

Forage (fresh) Forage (dry) Grains
Alfalfa 4.4 Alfalfa 1.1 Barley 1.08
Clover 5 Barley 1.1 Rice 1.14
Grass 5.5 Oat 1.1 Wheat 1.15
Silage 4.2 Soybean 1.1 Corn 3.8

Class 4.5 Wheat 1.1 Class |1.1
Class 1.1
Root vegetables (+ tubers)
A B C
Potato 4.5 Beets 7.9 Radishes 18
Sweet potato | 3.4 Carrots 8.5 Turnips 11.8
Yam 3.8 Onions 8.6 Class 13
Class 4 Class 8.2
Leafy vegetables
A B
Asparagus 12 Broccoli 9.1
Cabbage 13 Brussels sprouts | 6.8
Cauliflower 12 Kale 8
Celery 16 Spinach 10.8
Lettuce 20 Turnip greens 10
Rhubarb 19 Class 8.5
Spinach 12
Class 12.6
Legumes
A (dry) B (fresh)
Limabeans |3.1 Green beans |10
Peas 5.9 Class 10
Class 3.5
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Table 5.5.

Nuts
Chestnuts 21
Peanuts 1.06
Class 1
Fruits
A B C
Apples 6.7 Cucumbers |20 Grapefruit 8.6
Apricots 6.8 Eggplant 13 Oranges 71
Bananas 4.1 Peppers 15 Peaches 9.2
Blackberries |6.4 Pumpkin 11.9 Strawberries  |9.9
Blueberries |6 Squash 16.7 Class 8.3
Cherries 5.1 Tomatoes 15
Figs 4.4 Class NP
Pears 6 NP = Not provided
Pineapple 6.8
Plums 5.3
Raspberries |5.7
Class 5.7

Fresh-to-dry-weight ratios for various food crops and forage (adapted from NRCS83
Table 5.16) (continued)
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Table 5.6. Cow-Transfer Factors (Milk Pathway)
Purpose: This table lists the transfer factor (f;,,) for the milk pathway.
Transfer Transfer Transfer
Factor, f,, Factor, f,, Factor, f,,
Radionuclide | (MCi/L)/(uCild) Radionuclide | (MCi/L)/(uCild) Radionuclide | (MCi/L)/(uCild)
*H 1.4x107 *Rb 1.2x1072 126mgp 2.5x10°
B 1.5x102 ¥Rb 1.2x10 '?’Sh 2.5x10°
Na 1.6x107 ®Rb 1.2x107 '2°Sb 2.5x10°
*Na 1.6x10? Sr 2.8x10° “'Te 4.5x10™
%p 1.6x10? %Sr 2.8x10° 2T 4.5x10™
p 1.6x107 osr 2.8x10° Te 4.5x10™
S 1.6x107 Oy 6.0x10° 129MTg 4.5x10™
%cl 1.7x10? oy 6.0x10° P1Te 4.5x10™
K 7.2x10° olmy 6.0x10° 1" Te 4.5x10™
2K 7.2x10° ®zr 5.5x107 %Te 4.5x10™
*Ca 3.0x10° ®zr 5.5x107 129 1.0x107
3¢ 6.0x10° 7r 5.5x107 129 1.0x107
“Ti 1.0x1072 *Nb 4.1x107 ) 1.0x1072
Y 5.0x10-4 *Nb 4.1x107 1% 1.0x10
Sicr 1.0x10° Mo 1.7x10° 13 1.0x107
*Mn 3.0x10° ®Tc 2.3x10® 13 1.0x107
**Mn 3.0x10° 9mTG 2.3x10° 139 1.0x107
*Fe 3.0x10° "Ry 3.3x10° 131mye 0.0
%Co 2.0x10° "Ry 3.3x10° ¥ Xe 0.0
®Fe 3.0x10° "%RuU 3.3x10° "% "Xe 0.0
0o 2.0x10° "%5Rh 5.0x10™ "°xe 0.0
EY 1.6x107 15Rh 5.0x10" P"Xe 0.0
SCu 2.0x10° fomag 5.0x10° xe 0.0
%zn 1.0x1072 1%Cd 2.0x10° *Cs 7.9x10°
%Ga 1.0x10° 1mey 2.0x10°3 *Cs 7.9x10°
BGe 1.0x1072 11am 2.0x10 *Cs 7.9x10”
Se 1.0x1072 330 1.0x10° *Cs 7.9x10”
85y, 0.0 2gp, 1.0x107 38cs 7.9x10°
My 0.0 1265 1.0x1073
Kr 0.0 124gp 2.5x10°
*Kr 0.0 255 25x10°
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Table 5.6. Cow-Transfer Factors (Milk Pathway) (continued)
Transfer Transfer Transfer
Factor, f,, Factor, f,, Factor, f,,
Radionuclide | (uCi/L)/(pCild) Radionuclide | (uCi/L)/(pCild) Radionuclide | (uCi/L)/(pCild)
'Ba 4.8x10™ "72Hf 2.0x10° 23y 4.0x10*
3B 4.8x10™ "THf 2.0x107 U 4.0x10™
'“Ba 4.8x10™ 8274 5.0x10® 25y 4.0x10*
La 6.0x10° Ty 3.0x10™ 2%y 4.0x10™
ice 3.0x10° 92 2.0x10°® 28y 4.0x10™
*3Ce 3.0x10°® AU 1.0x10° *'Np 5.0x10®
ce 3.0x10° %Hg 4.7x10™ **Np 5.0x10®
pr 6.0x10° 204 3.0x10° 2Py 1.1x10°®
pr 6.0x10° ) 3.0x10™ 2%%py 1.1x10°
44mpy 6.0x10° 207 1.0x10° 2¥py 1.1x10°
“°Pm 6.0x10° 210g; 1.0x107 240py 1.1x10°
"Nd 6.0x10° 21%pg 3.4x10™ #py 1.1x10°®
“'Pm 6.0x10° **°Ra 1.3x107 #2py 1.1x10°
“'Sm 6.0x10° 2TAc 2.0x10° #1Am 1.5x10°
S'Sm 6.0x10° 228Ac 2.0x10°® 242 Am 1.5x10°
S2Ey 6.0x10° 221Th 5.0x10® *PAm 1.5x10°®
ey 6.0x10° *2Th 5.0x10® *2Cm 2.0x10°
%Eu 6.0x10° 20Th 5.0x10° #%Cm 2.0x10®
%Gd 6.0x10° Z'Th 5.0x10® #4Cm 2.0x10°
%0Th 6.0x10° 22Th 5.0x10® *°Cm 2.0x10°®
1%MHo 6.0x10° *pg 5.0x10° 22¢f 2.0x10°®
Tm 6.0x10° 2¥pg 5.0x10°
%Yp 6.0x10° 22y 4.0x10™
Sources: IAEA94 Table XII
NCRP96 Table 5.2
NRC83 Table 5.36
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Table 5.7. Human Consumption Rates (Uy)

Purpose: This table lists the average human consumption rates for populations of various ages
in the United States. All values except the total annual intake are given in grams per day. The
annual intake is given in kilograms per year.

Daily Consumption (g/day)
Food Category 3 months| 1 year S5years | 10 years | 15 years | Adult
Total Dairy 568.7 493.5 455.9 501.7 483.8 290.2
Fresh Cow's Milk 272.0 324.7 411.8 451.4 430.7 238.5
Other 296.7 168.9 44 .2 50.3 53.1 51.7
Fresh Eggs 4.9 12.4 18.4 18.2 221 28.5
Total Meat 45.2 68.8 110.5 144 .4 174.9 188.7
Beef 18.4 30.3 52.8 72.7 90.7 97.7
Pork 5.8 9.7 15.9 20.2 25.9 30.8
Poultry 18.4 18.7 21.9 27.4 31.5 33.2
Other 2.6 10.1 20.0 24.2 26.9 27.0
Total Fish 0.9 3.8 8.8 12.1 14.9 19.0
Fin Fish 0.6 3.5 8.2 11.0 13.2 16.0
Shellfish 0.3 0.3 0.6 1.1 1.7 3.0
Total Produce 155.0 159.7 194.9 244.2 264.5 285.5
Leafy 3.2 6.2 14.6 23.1 28.8 41.5
Exposed 75.5 65.6 62.4 73.0 74.4 82.8
Protected 50.8 72.7 111.7 140.3 154.2 154.7
Other 25.5 15.3 6.2 7.8 7.2 6.5
Total Grains 55.9 106.9 187.2 2324 246.7 208.3
Breads 16.2 60.4 129.5 170.3 187.4 158.1
Cereals 37.9 38.2 39.0 38.0 32.6 255
Other 1.8 8.3 18.8 24.2 26.7 24.7
Total Beverages 305.3 524 1 802.3 944 4 1135.1 1530.6
Tap Water 170.7 302.7 477.8 570.6 642.5 679.2
Water-Based Drinks 8.3 53.1 107.2 128.3 170.8 472.5
Soups 10.1 27.0 40.2 36.0 35.1 44 4
Other 116.2 141.4 1771 209.5 286.8 334.5
Miscellaneous 5.5 15.5 31.0 38.6 39.3 34.4
Total Daily Intake (g) 11414 |1384.5 1808.9 | 2135.7 2381.1 2585.3
Total Annual Intake (kg) 418 506 660 779 869 943
Sources: EPA84
FDA98
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Table 5.8. Ingestion Dose Conversion Factors (DCFiyg)

Purpose: Ingestion doses are calculated for a specific food using the food consumption data in
Table 5.7 (unless locality-specific data are available) and the dose conversion factors in this
table. Doses are calculated for the critical tissue and population (those receiving the highest
dose) for each radionuclide being considered. For milk ingestion, the infant is generally used as
the critical segment of the population. For other foods and water, the child (10 years old) is
used. Considering ingestion rates and dose factors, the child was considered to be representative
of the general population but conservative. This table lists the ingestion DCFs used in this
manual, which are from ICRP-56 (ICRP89) where available, and NRPB-GS7 (NRPB87) for the
other nuclides. The DCFs in the EPA Federal Report No. 11 (EPA88) were not used because
they did not provide values for the needed populations. Method M.5.12 can be used to calculate
DCFs for radionuclides not listed or to use different sources or assumptions.

DCF,,,
Child® Infant®

Radionuclide i Critical Organ® Source® (mrem/uCi) (mrem/uCi)
*H Al 1 7.04x107 1.52x10-1
“c All 1 2.85 5.56
“Na Bone Surfaces 2 4.07x10" 1.00x10?
*Na Stomach 2 9.26 2.44x10"
2p RBM 2 7.04x10" 2.11x10?
¥p NC NC
¥g LLI 2 4.81 1.48x10"
¢l Stomach 2 9.63 2.89x10'
K NC NC
2K Stomach 2 1.56x10" 4.44x10"
*Ca Bone Surfaces 2 4.44x10' 1.26x10?
3¢ LLI 2 8.15x10" 2.11x10?
T LLI 2 3.11x10? 8.89x10?
By LLI 2 1.04x10? 2.67x10?
cr LLI 2 2.56 7.04
*Mn LLI 2 1.48x10" 3.19x10"
**Mn ULI 2 1.15x10" 3.30x10'
*Fe Spleen 2 3.70 1.11x10"
*%Co LLI 2 5.19x10? 1.19x10°
Fe LLI 2 6.67x10" 3.11x10’
Co LLI 2 9.26x10" 2.19x10?
N LLI 2 7.78 2.30x10'
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Table 5.8. Ingestion Dose Conversion Factors (DCF,g) (Continued)

DCF,,,
Child © Infant

Nuclide i Critical Organ * Source® (mrem/pCi) (mrem/pCi)
%Cu LLI 2 6.30 1.85x10'
Zn LLI 2 3.19x10" 6.67x10'
®Ga Stomach 2 5.19 1.44x10"
*®Ge Kidney 2 5.93 1.74x10"
*se Kidney 2 5.19x10' 1.22x10?
8Ky NC NC
smr NC NC
¥Kr NC NC
Ky NC NC
*Rb Bone Surfaces 2 5.93x10" 1.74x10?
¥Rb Bone Surfaces 2 3.22x10' 9.63x10'
®Rb Stomach 2 6.30 1.89x10"
8gr LLI 2 2.52x10° 7.41x10?
Ogy Bone Surfaces 1 2.04x10° 2.74x10°
sy LLI 2 4.44x10" 8.89x10'
Oy LLI 2 2.74x10? 8.15x10?
oMy LLI 2 2.63x10° 7.78x10?
tmy Stomach 2 3.59x10™ 8.89x10™
97y Bone Surfaces 2 4.07x10" 6.67x10'
®zr LLI Walls 1 5.93x10' 1.93x10?
*Nb Bone Surfaces 2 2.78x10? 7.41x10?
*Nb LLI Walls 1 3.00x10’ 8.89x10"
*Mo LLI 2 1.19x10? 3.48x10?
®Tc Stomach 2 2.96x10' 8.89x10'
9mTG Thyroid 2 7.04x10™ 2.00
%Ru LLI Walls 1 5.19x10' 1.67x10?
%Ru ULI 2 1.33x10" 3.70x10'
'%Rh LLI Walls 1 5.56x10? 1.93x10°
1%Ru LLI 2 6.30x10° 1.81x10°
MomAg LLI 2 7.78x10' 1.96x10?
1%¢d Kidney 2 2.89x10° 8.52x10?
mcd Kidney 2 2.67x10° 6.30x10°
M4m LLI 2 3.70x10? 1.11x10°
350 LLI 2 6.67x10" 1.96x10?
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5.8
Table 5.8. Ingestion Dose Conversion Factors (DCF,g) (Continued)
DCF,,,
Child © Infant

Nuclide i Critical Organ * Source® (mrem/pCi) (mrem/pCi)
'23n LLI 2 2.26x10? 6.67x10?
12°3n LLI 2 3.67x10? 1.07x10°
1243p LLI 2 1.93x10? 5.56x10%
12635p NC NC
126mgh NC NC
'27Sb LLI 2 1.67x10? 4.81x10?
'2°Sp UL 2 2.78x10' 7.41x10"
2Te LLI 2 1.07x10' 3.22x10"
12ImTe Bone Surfaces 2 1.74x10? 5.19x10?
°Te Stomach 2 3.44 1.04x10"
129MTg LLI 2 2.15x10? 6.30x10?
¥1Te Thyroid 2 9.26 2.81x10"
13ImTe Thyroid 2 1.48x10? 4.44x10?
%2Te Thyroid 2 2.22x10? 8.15x10?
123) Thyroid 2 2.81x10° 4.81x10°
129) Thyroid 1 1.41x10* 1.59x10*
3 Thyroid 1 4.07x10° 1.33x10*
132 Thyroid 1 3.15x10" 1.33x10?
133 Thyroid 2 8.52x10? 3.19x10°
134) Thyroid 2 5.56 2.07x10"
135 Thyroid 2 1.63x10? 5.93x10?
131mxe NC NC
Bxe NC NC
138mye NC NC
¥xe NC NC
135mxe NC NC
38xe NC NC
¥cs Pancreas 1 5.93x10" 6.30x10'
%5cs Stomach 2 7.78 1.11x10"
%Cs Uterus 2 2.15x10" 3.70x10'
Cs Stomach Wall 1 3.70x10" 4.44x10"
%Cs Stomach 2 5.93 1.70x10"
3Ba LLI 2 3.04x10' 8.15x10"
3TmBg NC NC
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Table 5.8. Ingestion Dose Conversion Factors (DCF,g) (Continued)

DCF,,,
Child © Infant

Nuclide i Critical Organ * Source® (mrem/pCi) (mrem/pCi)
“Ba LLI 2 2.22x10? 6.67x10?
0] g LLI 2 1.44x10? 4.07x10?
"ice LLI 2 7.41x10' 5.93x10'
ice LLI Walls 1 5.56x10? 1.84x10°
“pr Stomach 2 3.56 1.07x10"
144mpr NC NC
“pm NC NC
“Pm NC NC
“Sm Bone Surfaces 2 4.07x10° 9.26x10°
¥1Sm LLI 2 8.89 2.63x10"
92Ey LLI 2 8.15x10" 2.22x10?
YEY LLI 2 1.48x10? 4.44x10°
=T LLI 2 2.96x10' 8.52x10"
Gd LLI 2 2.22x10' 6.30x10'
1%0Tp NC NC
1%MHo NC NC
Tm LLI 2 1.44x10? 4.44x10°
%%y LLI 2 5.93x10' 1.74x10°
1724 NC NC
181t LLI 2 9.63x10" 2.81x10?
18274 LLI 2 1.15x10? 3.26x10?
187\ LLI 2 5.56x10" 1.59x10?
192 LLI 2 1.07x10? 3.11x10?
%8Au LLI 2 9.26x10' 2.67x10?
2%Hg Kidney 2 1.52x10° 4.44x10°
2007 Kidney 2 4.07x10' 1.19x10?
210pyp, Bone Surfaces 2 1.00x10° 2.07x10°
207g; LLI 2 7.41x10' 1.96x10?
210B; LLI 2 1.33x10? 4.07x10°
21%pg Spleen 2 3.67x10* 1.11x10°
**Ra Bone Surfaces 2 3.33x10* 7.41x10*
2Tac Bone Surfaces 2 3.04x10° 5.93x10°
2Bpc UL 2 2.04x10" 5.93x10"
221Th LLI 2 7.78x10? 2.33x10°

FRMAC Assessment Manual, Volume 2 83



April 2003 Tables
5.8

Table 5.8. Ingestion Dose Conversion Factors (DCF,g) (Continued)

DCF,,,
Child © Infant
Nuclide i Critical Organ * Source® (mrem/pCi) (mrem/pCi)
228Th Bone Surfaces 2 1.59x10* 4.81x10*
20Th Bone Surfaces 2 1.63x10* 3.00x10*
»1Th LLI 2 2.93x10' 8.89x10'
22Th Bone Surfaces 2 7.78x10* 1.15x10°
24Th LLI 2 3.70x10? 1.11x10°
»1pg Bone Surfaces 2 3.44x10° 4.81x10°
2¥pg LLI 2 8.89x10' 2.59x10?
U Depleted Bone Surfaces 2 4.81x10° 1.00x10*
U Natural Bone Surfaces 2 4.81x10° 1.00x10*
U Enriched (4%) Bone Surfaces 2 5.19x10° 1.15x10*
22y Bone Surfaces 2 2.89x10* 5.56x10"
23y Bone Surfaces 2 5.56x10° 1.15x10*
24y Bone Surfaces 2 5.19x10° 1.15x10*
25y Bone Surfaces 2 4.81x10° 1.04x10*
26y Bone Surfaces 2 5.19x10° 1.07x10*
28y Bone Surfaces 2 4.81x10° 1.00x10*
“Np Bone Surfaces 1 3.67x10* 3.30x10*
“9Np LLI Wall 1 7.04x10' 2.37x10?
26py Bone Surfaces 2 1.74x10* 4.44x10*
28py Bone Surfaces 2 7.04x10* 1.26x10°
29py Bone Surfaces 2 8.15x10* 1.37x10°
240py Bone Surfaces 2 8.15x10* 1.37x10°
*py Bone Surfaces 1 1.37x10° 1.26x10°
#2py Bone Surfaces 2 7.78x10* 1.30x10°
21Am Bone Surfaces 1 7.04x10* 7.04x10*
242 A Bone Surfaces 2 7.78x10* 1.30x10°
*$Am Bone Surfaces 2 8.15x10* 1.41x10°
22Cm Bone Surfaces 2 3.30x10° 9.63x10°
*Cm Bone Surfaces 2 5.56x10" 1.07x10°
*Cm Bone Surfaces 2 4.44x10* 9.26x10*
*5Cm Bone Surfaces 2 8.52x10* 1.44x10°
22¢f Bone Surfaces 2 1.81x10* 5.19x10*

NC=Not calculated.
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Table 5.8. Ingestion Dose Conversion Factors (DCF,g) (Continued)

DCF,,

Child ° Infant
Nuclide i Critical Organ * Source® (mrem/pCi) (mrem/pCi)

®  Source: (1) ICRP89
(2) NRPB87
Organ with highest dose from ingestion.

Gastrointestinal (Gl) Tract
LLI: Lower Large Intestine

ULI: Upper Large Intestine
The child was used because it was representative of the population considering the range
of consumption rates and dose factors.
To convert from Sv/Bq to mrem/uCi, use the following equation:

Sv 1.0E + 05 mrem Bq _ 3.75+ 09 mrem

— X X

Bg Sv 27E-05 uCi UCi
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Table 5.9. Retention, Productivity, Cow Consumption Factors
Parameter Description Value
Cow fresh forage consumption (milk cow) 50 kg/d?®
Us, Cow fresh forage consumption (beef cattle) 50 kg/d @
Cow water consumption (milk cow) 60 L/d?°
Cow water consumption (beef cattle) 50 L/d®
U Goat fresh forage consumption 6 kg/d®
goat Goat water consumption 8 L/d?
Pasture retention factor 0.5°¢
R Fresh produce retention factor, particulates 0.20°
Fresh produce retention factor, iodines 1.0°
v Growth productivity (produce or leafy vegetables) 2.0 kg/m??
Growth productivity (pasture grass) 0.7 kg/m2a
UAF Utilized Area Factor (area effectively foraged by a cow) | 45 m®day *®
@ NRC77 (Tables E-3 and E-15) and USNRC Regulatory Guide 1.109
® NCRP84 (Table 2-12)
° Ng77 (Appendix B, page 113)
¢ FEMA87 (Appendix D)
® NRC83 (Table 5.35)
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Table 5.10. Fresh Cow Forage and Water Concentration Derived Response Levels

Purpose: This table shows the concentration of a single radionuclide in cow's fresh forage or
drinking water that could result in concentrations in milk that meet or exceed the FDA DIL. The
calculation of these values assumes that 100 percent of the cow's food or water is contaminated.
This is for fresh weight. To estimate fresh weight, multiply dry weight by the appropriate factor
from Table 5.5. Method M.5.7 can be used to calculate DRLs for nuclides not listed or for
different assumptions.

DRI-IngsCowa DRI-IngsCowb
Cow Forage Concentration | Cow Water Concentration
Radionuclide i (MCilkg) (MCilL)
%05y 3.1x1072 2.6x107
) 9.2x10° 7.7x10°
¥Cs 8.1x1072 6.8x107
¥Ccs 8.1x10 6.8x1072
2Py 9.8x10" 8.2x10"
2py 9.8x10" 8.2x10™
#1Am 7.2x10" 6.0x10"
%Ru 1.1x10° 9.1x10?
"Ru 7.3x10’ 6.1x10"
FDA predefined groups ¢ ¢
#Sr 2.7x10" 2.3x10"
My 1.1x10" 8.9
®zr 3.9x10° 3.3x10°
*Nb 1.6x10* 1.3x10"
%2Te 5.3 4.4
9, 3.0x10 2.5x10°
) 3.8x10" 3.2x10"
%9Bg 7.8 6.5
“ice 1.3x10? 1.1x10?
ce 9.3 7.8
>"Np 4.4x10™ 3.7x10"
“Np 3.0x10° 2.5x10°
“py 5.8x10' 4.8x10'
*2Cm 5.1 4.3
#4Cm 5.4x10™ 4.5x10™
DIL (Table 5.2)
ab DRL=

Jf,n(Table 5.6) xU -, (Table 5.9)

See Method M.5.7 for a full discussion on calculating these DRLs.

°  No values are given for the predefined groups since this is for individual nuclides
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4.1

Chart 4.1. Resuspension Factors as a Function of Time

The default resuspension factors used by this Manual are those recommended in NCRP 129
(NCRP99), unless otherwise noted. These time-dependent values are represented by the solid
squares (red line) in the chart below. This chart shows wind-driven resuspension factors as a
function of time assuming cautious weathering factors.

For comparison purposes, resuspension factors for arid conditions (initial Rest= 1.04 x 10™*) used
at the Nevada Test Site (from Anspaugh, AN75) and the models presented by Garland and
Pomeroy (Ga94), and IAEA Safety Series No.81 (IAEA 86) are also presented on this chart. The
enclosed box indicates the area covered by curves to fit the resuspension data measured in
Europe following the Chernobyl accident (GA94). The resuspension factors used in this Manual
are consistent with the other recommendation and actual data.

Prior to using such default resuspension factors, the analyst must judge how appropriate those
default factors are for the specific incident site. On arriving at the site, the analyst should
consider whether the default resuspension factors should be revised upward to reflect arid or
windy conditions. As soon as possible the recommended default resuspension factors should be
confirmed (or revised as necessary) based on site-specific measurements.

Selected Resuspension Factor (RModels
Comparison with Chernobyl Results at 14 European Sites

1.00X10- ;

4 ’h‘.\‘\‘\m“-\
1.00E-05

Resuspensio
1.00X10-

6
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—o—|AEA 1986)

1.00X10-
7

—&— Anspaugh(1975)
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Rs from Chernobyl (14 sites

1.00E-08 "
R from Chernobyl (sﬂts {
with high deposition)
1.00E-09
1.00E-10 T T
1 10 100 1000 10000
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Chart 5.1. Cow-lodine-Milk Concentrations—Time after Deposition
(1291 1311 133I and 1351)
This chart shows the buildup in milk following a single contaminating event. It assumes
continuous ingestion and includes decay and weathering.
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Source: FEMAS87 (page D-1) and Ng77
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Chart 5.2. Cow-Cesium-Milk Concentrations—Time after Deposition
(**Cs and "’Cs)

This chart shows the buildup in milk following a single contaminating event. It assumes
continuous ingestion and includes decay and weathering.

1E-1

Cs-134

1E-2
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0 24 48 72 96 120 144 168 192 216 240 264 288 312 336 360 384 408 432 456
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Source: FEMAR87 (page D-1) and Ng77
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Chart 5.3. Cow-Strontium-Milk Concentrations—Time after Deposition
(**Sr, *Sr, and °'Sr)

This chart shows the buildup in milk following a single contaminating event. It assumes

continuous ingestion and includes decay and weathering.
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2.1
Worksheet 2.1. Emergency Worker Turn-Back Exposure Levels
(Method M.2.1)
Date
Analyst :
Time
Column A Column B
Column C
EPA Emergency External Exposure to .
Worker Limit Inhalation Conversion Turn-Back Limit

Emergency Activity Factor DO NOT EXCEED

(Lew)

TEDE (ECFex)

Table 2.1 Method M.2.1 Lew/ECF gyt

mrem mrem/mR mR
All 5,000 JECF ext. TEDE
Protecting valuable property 10,000 JECF ext TEDE
Life saving or protecting large
populations 25,000 )ECFext, TEDE
Life saving or protecting large 25,000 JECF oxt re0e

populations Voluntary
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3.1
Worksheet 3.1. Calculate Plume Dose Contributors
(Method M.3.2)
Analyst Date/Time
Step 1.  Record the dose from each of the contributors to dose.
Dose Dose
Contributor (mrem or mrad)

Ha =

Hg =

D (thyroid),50 =

Plume + Resuspension
Drei e’ +
b

D1(rem),E +

DT(Iung),E +

D (thyroid),E +

He. 50 +

: GI indicates small intestine dose — which is a predictor for gastrointestinal syndrome

b RBM indicates red bone marrow dose— which is a predictor for hematopoietic syndrome
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3.2
Worksheet 3.2. Calculate Early Phase DRL from Deposition
(Method M.3.3.B Step B.2)
Sample Number Date Time
Sample Location Analyst
Steps B.2.1 through B.2.5
Column A Column B Column C Column D Column E
Cg,‘a ECng DCFEPg,' AxB AxC
Table 3.4 , Table 3.5
Nuclide i | uCiim? | MRMIQCIM) | mrem/(uCim?) mR/hr mrem
2
Step B.2.6
DRL,,, =P, x —Z Column D =( mremt) ( mR/hr) =( mR/hr)
¢ Y. Column E ( mrem)
The DRLEpg is the exposure rate that indicates that Early Phase PAGs may be exceeded
from external exposure and resuspension.

*The nuclide concentration can be shown in any units because only the relative amount is important (the units will
cancel out).
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Worksheet 3.3. Calculate Decay Correction Factors

(Method M.3.11.A & Method M.3.11.B)

Date

Reference Location

Time

Analyst

Last Value — corrections valid until this date/time

Eq (last) = mR/h Current Time
(Last measured or calculated) (24-hr format, add 24 hr for each day after first)
Shift Decay Period Column A Column B
MlquInt Time since first Estimated E, (last) = A
Start Shift | End Shift Time measurement/shift | £y 0051 re Rate Decay
Date/Time | Date/Time at Midpoint Time Correction
Factor
(24-hr format) (24-hr format) mR/hr DF(t)
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4.1
Worksheet 4.1. Calculate Relocation Exposure Rate DRL for a Deposition Sample
(Method M.4.1)
Sample Number Date Time
Sample Location Analyst
Steps 2.A.1 through 2.A.5
Column A Column B Column C Column D Column E
Table 3.4 Table 4.2
Nuclide i | pCi/m? | mR/hr/(uCi/m?) | mrem/(uCi/m?) mR/hr mrem

Notes:
® The nuclide concentration can be shown in Z

any units because only the relative amount is

important (the units will cancel out).
Step 2.A.6

DRL,, =P, XM=( mrem) ( mR/ hr) =( mR/hr)
i 2. Column E ( mrem)

DRLRgg is the exposure rate indicating that remaining in an area contaminated with this mix for the period of concern
may result in doses from direct exposure and inhalation of resuspension in excess of the relocation PAGs or Long-
Term Objectives.
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4.2

Worksheet 4.2. Calculate Intermediate Phase Dose Based on Deposition Levels

a

b

For 1st, 2nd, or 50 years

The sum in Column C is the
TEDEp for the selected period. It
includes external exposure and
inhalation from resuspension.

Sum of Column C"

(Method M.4.5.A)
Sample Number Date Time
Sample Location Analyst
Steps A.1 through A.3
Column A Column B Column C
Cyi DCFryi AxB
Table 4.2 TEDE p;
Nuclide i HCi/m? mrem?/(uCi/m?) mrem

X

X

X

X

X

X

X

X

X

X

X

X
Notes:
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4.3

Worksheet 4.3. Calculate Intermediate Phase Dose Based on Exposure Rates from Deposition

(Method M.4.5.B)

Sample Number Date Time

Sample Location Analyst

Steps B.1 through B.5

Column A Column B Column C Column D Column E
Cy DCFpgi ECFy;i AxB AxC
Table 4.2 Table 3.4
Nuclide i | pCi/m? | mrem®/(uCi/m?) | mR/hr/(uCi/m?) mrem® mR/hr
Notes:
2 The nuclide concentration can be
shown in any units because only the 3
relative amount is important (the units
will cancel out).
® For 1st, 2nd, or 50 years.

Step B.6

EDCF,P( mrem ) 3 > Column D ( mrem)

mR/hr) > Column D ( mR/hr)

Note: EDCFp, when multiplied by the exposure rate, will give the TEDE p dose for the
period for all areas with this mix.

Step B.7
TEDE, ( mrem) =1 ( mR / hr) x EDCF,
Note: Multiply EDCFp by the exposure rate (I) to estimate the TEDEp for the period.
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Worksheet 4.4. Calculate Intermediate Dose Based on Marker Nuclide Level

(Method M.4.5.C)
Sample Number Date Time
Sample Location Analyst
Steps C.1 through C.3
Column A Column B Column C
Cyi DCFrg AxB
Table 4.2 TEDE p;
Nuclide i uCi/m? mrem?®/(uCi/m?) mrem?
X =
X =
X =
X =
X =
X =
X =
X =
X =
Notes:
@ For 1st, 2nd, or 50 year.
®  The sum in Column C is the TEDEp for the Sum of Column Cb =
selected period. It includes external
exposure and inhalation from resuspension.

Step C.4

LDCF,, ( mrem j _ Y. Column C ( )

Cgk—rep ( )

Note: LDCFp when multiplied by the marker nuclide level will give the TEDEp for the
period for all areas with this mix.

uCi /' m*

Step C.5
TEDE , ( mrem) = C uCi/m*)x CDCF,,

Note: Multiply the LDCF, by the level of nuclide k to estimate the TEDE_, for the
period.

gk—sample (
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Worksheet 4.5. Calculate Intermediate Phase Dose from Air Sample
(Method M.4.5.D)
Sample Number Date Time
Sample Location Analyst
Steps D.1 through D.3
Column A Column B Column C
Cai DCFRai AxB
Table 4.4
Nuclide i uCi/m? mrem/(uCi/m?3) mrem
X
X
X
X
X
X
X
X
X
X
X
X
Notes:
@ The sumin Column Cisthe  [g,m of Column C2
inhalation dose from remaining in this
area for one year.
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5.1
Worksheet 5.1. Deposition Concentration Ingestion Analysis
(Method M.5.2)
Sample Control # Location: Analyst:
Soil O Fieldy Spect. O Other O | Latitude: Date:
Description: Longitude: Time:
If any one contamination test fails, then the sample fails to meet the 1998 FDA PAGs.
%sr & "*'| Tests Column A Column B Column C Column D
Ratio concentration [ Nuclide | Deposition DRL? DRL* DRL* A+B Mark with X,
to corresponding Concentration Match units if Column C
DRL. (unit'/m? (Ba/m? | (pCiim?) | (uCi/m?) | of AwithB =10
Fail, if ratio > 1.0 wSr 1,600 43,000 |4.3x107
TBg/m?, pCilm? or uCilm’ ) 340 9,200 [9.2x107
¥cs & "¥Cs Test Column A Column B ColumnC | Column D
Ratio sum of both Nuclide | Deposition DRL* DRL* DRL* A+ B Mark with X,
concentrations to Concentration Match units if Column C
corresponding DRL. (unit'/m?) (Ba/m?) | (pCi/m?) | (uCi/m?) | of Awith B 21.0
Fail, if ratio 2 1.0 ¥cs
137CS
"Bq/m?, pCi/m? or uCi/m?  [Sum ZA 12,000 320,000 | 0.32
238, 239p; & *'Am Test Column A Column B Column C Column D
Ratio sum of all 3 Nuclide | Deposition DRL* DRL* DRL* A+ B Mark with X,
concentrations to Concentration Match units if Column C
corresponding DRL. (unit'/m?) (Ba/m?) | (pCi/m?) | (uCi/m?) | ofAwithB =10
Fail, if ratio 2 1.0 #¥py
239Pu
241Am
"Bg/m?, pCilm? or uCim*  |Sum $A 20 540 5.4x10™
"Ru & "Ru Test Column A Column B Column C Column D
Ratio concentrations | Nuclide | Deposition DRL* DRL* DRL* A+B Mark with X,
to corresponding Concentration Match units if Column C
DRLs, then sum. (unit'/m?) (Bg/m?) | (pCi/m?) | (uCi/m?) | of AwithB =1.0
Fail, if ratio 2 1.0 "®Ru 68,000 | 1.8x10° | 1.8
'®Ru 4,500 | 120,000 | 0.12
Bg/m?, pCi/m? or uCi/m? Sum =C

If any one test fails, then
the sample exceeds PAG.

This Sample is OK [

This Sample Exceeds PAG [1

*Food concentration DILs converted to deposition DRLs assuming 2 kg/m? productivity and retention=0.2, except iodine =1.0
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Worksheet 5.2. Food Contamination Analysis — Principal Radionuclides
(Method M.5.3)

Sample Control # Location: Analyst:

Foodd MilkdO WaterdO Other O | Latitude: Date:

Description: Longitude: Time:
If any one contamination test fails, then the sample fails to meet the 1998 FDA PAGs.

%sr & 'l Tests Column A Column B Column C Column D
Ratio concentration | Nuclide Food DIL DIL DIL A+B Mark with X,
to corresponding Concentration Match units if Column C
DIL. (unit'/kg) (Ba/kg) | (pCikg) | (uCilkg) | ofAwithB 21.0
Fail, if ratio = 1.0 gy 160 4,300 | 4.3x10
"Bqlkg, pCilkg or uCikkg | "I 170 4,600 | 4.6x10°

1¥cs & ¥'Cs Test Column A Column B Column C Column D
Ratio sum of both Nuclide Food DIL DIL DIL >A=+B Mark with X,
concentrations to Concentration Match units if Column C
corresponding DIL. (unit'/kg) of A with B 21.0
Fail, if ratio > 1.0 ¥cs

137CS
"Barkg, pCitkg or pCikkg | Sum SA 1,200 32,000 |3.2x1072
238,239p,; & 24'Am Test Column A Column B Column C| Column D
Ratio sum of all 3 Nuclide Food DIL DIL DIL SA+B Mark with X,
concentrations to Concentration Match units if Column C
corresponding DIL. (unit'/kg) (Ba/kg) | (pCikg) | (uCilkg) | of AwithB 1.0
Fail, if ratio > 1.0 Z8py

239Pu

241Am
"Ba/kg, pCilkg or pCitkkg  |Sum A 2 54 |5.4x10°
'%Ru & "®Ru Test Column A Column B ColumnC | ColumnD
Ratio concentrations | Nuclide Food DIL DIL DIL A=+B Mark with X,
to corresponding Concentration Match units if Column C
DILs, then sum. (unit'/kg) (Ba/kg) | (pCikg) | (uCilkg) | ofAwithB 1.0
Fail, if ratio = 1.0 "%Ru 6,800 180,000 | 1.8x10™

%°Ru 450 12,000 | 1.2x107
'Bq/kg, pCi/kg or uCilkg Sum 2C

If any one test fails, then the
sample exceeds PAG.

No Principal Radionuclide 2 DIL [1

This Sample Exceeds PAG [1
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Worksheet 5.3. Food Contamination Analysis — Other Radionuclides
(Method M.5.3)
Sample Control # Location: Analyst:
FoodO MilkO Water O Other O [Latitude: Date:
Description: Longitude: Time:
If any one contamination test fails, then the sample fails to meet the 1998 FDA PAGs.
Part 1 Other Column A Column B Column Column D | Column E
Radionuclides c
Ratio concentration Nuclide Food DIL DIL DIL A+-B Rank Mark, if
to corresponding Concentration | (Bag/kg) (pCilkg) (uCilkg) Match Order dominant
DIL. (unit'/kg) units of
A with B
8gr 1,400 38,000 3.8x1072
Fail, if ratio 2 1.0 My 1,200 32,000 3.2x102
in any row %7y 4,000 110,000 1.1x10™
*Nb 12,000 | 320,000 3.2x10™
¥21e 4,400 120,000 1.2x10"
129) 56 1,500 1.5x10°
133) 7,000 190,000 1.9x10"
14984 6,900 190,000 1.9x10"
“ice 7,200 200,000 2.0x10™
“ce 500 14,000 1.4x107
ZNp 4 110 1.1x10™
Z9Np 28,000 | 760,000 7.6x10™
#1py 120 3,200 3.2x107°
#20m 19 510 5.1x10
Taq/kg, pCilkg or uCilkg 24cm 2 54 5.4x10°

If any one test fails, then the
sample exceeds PAG.

This Sample is OK [

This Sample Exceeds PAG G

Part 2 Results from Worksheet 5.2 Nuclide Column C | Column D | Column E
Principal Enter ratio from Column C of Ratio from Rank Mark, if
Radionuclides \Worksheet 5.2. Worksheet 5.2 Order dominant

Rank Order 1 to n with above. Ogy

Greatest ratio is most dominant. 131)

Mark Column E in both Part 1 o =

and Part 2 with X, if ratio>1/5 of Cs+ "Cs

most dominant radionuclide or | 238p, 4 29p, 4 241y

if ratio 2 1.0. %Ry + Ry
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5.4
Worksheet 5.4. Cow and Goat Forage and Water Contamination Analysis
(Method M.5.4)

Sample Number: Analyst:

Date: Q0 Forage U Water

Sample Location: Time:

Column A Column B Column C°
Ccow,ia DRLlng,cow,i A+B
Table 5.10
Nuclide i (uCi/kg) or (uCi/L) (uCi/kg) or (uCi/L)
Notes:

a

Fresh weight
b

If any value in Column C is greater than or equal to one, consumption of milk produced
by cows consuming contaminated forage or water may result in doses that exceed the
Ingestion PAGs.
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Worksheet 6.1. Assessment Product QA Cover Sheet

(Method M.6.1)

Product:

Date: Time:
Preparer(s):

Origin: M| Scheduled Assessment Product

M

Action Request for

Distribution: [
|

Internal Use Only

Approved for Release by

Description: (What is this?)

Methodology: (How was it made?)

Inputs: (What data was used? Any deviation from those in the Manual?)

Assumptions: (What were the assumptions? Any deviation from those in the Manual?)

Cautions & Limitations: (Are there any restrictions on the interpretation or applicability?)

Quality / Confidence: (What is the level of quality or confidence? Why?)
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Worksheet 6.2. Response Deposition DRLs

(Method M.6.1)

Analyst Date

Location Time

Exposure Rate (mR/h)
at 1 Meter AGL

Time of Field Measurement®

Early Health Effects”

Early Phase PAG®

Intermediate (Relocation)
Phase PAG®

Ingestion DIL
for

Ingestion DIL
for

Marker Nuclide Concentration (uCi/m?)
for Nuclide

Time of Field Measurement®

Early Health Effects”

Early Phase PAG®

Intermediate (Relocation)
Phase PAG®

Ingestion DIL
for

Ingestion DIL
for

#  Time and date when DRLs are applicable. DRLs may change as a function of time if the

deposition contains many short-lived nuclides.

®  Volume 1, Section 3.

[

Volume 1, Section 4.

¢ Volume 1, Section 5. List the food and nuclide or nuclide group
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Parameters

APPENDIX D. PARAMETERS

This list contains the principal parameters used in the manual and the table or method used to
derive the parameters.

Parameter Unit Description Manual Reference
A time™ Radioactive decay constant. Itis equal to
(ln 2)/T1/2

Prmilk g/cm3 or kg/liter Density of milk (assumed to be equal to the
density of water).

Xi uCi/m?® Air concentration of nuclide i.

A pCi Activity of nuclide i.

BR m>hr Breathing rate. Use 1.2 m°/hr (adult light Table 3.10
activity).

Cai uCi/m?® Air concentration of nuclide /.

Cehartt pCi/L Milk concentration from Chart 5.1, Chart 5.2 Chart 5.1, Chart 5.2,
or Chart 5.3 for time t after cow consumes and Chart 5.3
contaminated forage.

Csi pCi’kg or uCi/L Food concentration of nuclide i.

Ceow,i pCi/kg or puCi/L Concentration in cow forage or water

Cyi HCi/m? Deposition level of nuclide i.

Cnt pCi/L Measured activity concentrations in milk at Method M.5.9
time t after consumption of contamination.

Coit pCi/L Projected activity concentrations in milk at Method M.5.9
time t after consumption of contamination.

D (organ).E or 50 mrad or mrem Organ (early red bone marrow, early small Method M.3.2
intestine, early lung, early thyroid, and thyroid
CDE) dose from inhalation for nuclide i. Early
doses in mrad and CDE in mrem.

DCF (mrem/hr)/(uCi/m°) EDE external air submersion Dose Table 3.4,
Conversion Factor for a semi-infinite cloud for | Method M.3.10
nuclide i.

DCFes50i (mrem/hr)/(pCi/mS) Dose Conversion Factor for CEDE from Table 3.3,
inhalation of air containing one pCi/m3 of Method M.3.10.
nuclide i by an adult performing light activity
for one hour.

DCFepgi (mrem)/(pCi/mz) Early Phase Dose Conversion Factor for Table 3.5,
deposition of nuclide i. This includes external | Method M.3.4
exposure and CEDE (inhalation) from
resuspension for remaining on contaminated
ground for 96 hours (four days).

DCFy (mrem/hr)/(pCi/mz) EDE external ground shine Dose Conversion |Table 3.4,

Factor for nuclide i considering ground
roughness.

Method M.3.10
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Parameter

Unit

Description

Manual Reference

DCFingi

mrem/uCi

Ingestion Dose Conversion Factors for the
dose equivalent to the tissue and population
receiving the highest dose. (EPA92)

Table 5.8,
Method M.5.12

DCFrai

(mrem)/(uCi/m®)

Intermediate Phase Relocation Dose
Conversion Factor for air concentrations for
nuclide i. Includes CEDE from inhalation
resulting from resuspension for one year.

Table 4.4

DCFrgi

(mrem)/(pCi/mz)

Intermediate Phase Relocation Dose
Conversion Factor for ground contamination
for nuclide i. Includes external dose and
CEDE from inhalation resulting from
remaining on contaminated ground for the
period of concern (1st, 2nd, or 50 years).

Table 4.2,
Method M.4.2

DCFT(Organ),E or 50,i

(mrad/hr)/(uCi/m?®)
or
(mrem/hr)/(uCi/m°)

Dose Conversion Factor for an organ (early
red bone marrow, early small intestine, early
lung, early thyroid, and thyroid CDE) dose
from inhalation of air containing 1 uCi/m?® of
nuclide i by an adult performing light activity
for one hour.

Table 3.3,
Method M.3.10

DEXP

rem/R

Ratio of dose to exposure (0.7 rem/R, based
on EPA92 and UNSCEARS82). This is an
approximation and does not take into
consideration the energy dependence of this
quantity.

Table 3.4

DF

Dilution factor at a distance from the source of
arelease.

Table 3.6

DI

days

Days of Intake. The number of days it is
assumed that a food is consumed. Mean life
(Tm) is used in this manual. Effective mean
life (Tie) or another period can be used for
days of intake.

Method M.5.10

Dlng

mrem

Dose from ingestion.

Methods M.5.10 and
M.5.11

DIL

Derived Intervention Level

Table 5.2

Dis,

miles, km

Distance from the source of the release that a
measurement was taken.

Dis,

miles, km

Distance from the source of a release that a
projection is being made.

DRLIng,cow

pCi’kg or L

Derived Response Level for concentrations in
cows forage or water

Table 5.10,
Method M.5.7

DRLepg

HCi/m? — deposition
level; or mR/hr
exposure rate from
deposition

Derived Response Level for a particular mix
indicating that the Early Phase PAGs may be
exceeded from exposure to deposition. This
considered external exposure and
resuspension from remaining on ground
contamination for 96 hours (four days).

Method M.3.3

DRLngi

pCi/kg or pCi/L

Concentration of nuclide i that will produce
dose that exceeds the HHS Ingestion PAGs.
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Parameter

Unit

Description

Manual Reference

DRLingg;

uCi/m?

Deposition level of nuclide i. Derived
Response Level for ingestion indicating that
concentration in food, water, or milk will meet
or exceed the FDA DIL.

Table 5.4,
Method M.5.8

DRLgg

UCi/m? — deposition
level of a nuclide or
mR/hr exposure rate
from deposition.

Derived Response Level for a particular
deposition mix indicating that the Intermediate
Phase Relocation PAG or Long-Term
Objectives may be exceeded. This considers
external exposure and resuspension from
remaining on deposition for the 1% year, 2™
year, or 50 years.

Method M.4.1

E.

mR/hr

Exposure rate from air (plume) contamination.

=

mR/hr

Exposure rate at 1m AGL from ground surface
contamination

ECFexi.cene

mR/mrem

Exposure-to-Dose Conversion Factor for
CEDE. The exposure rate (mR/hr) that
corresponds to an inhalation dose rate
(mrem/hr).

Method M.2.1

ECFext, thy

mR/mrem

Exposure-to-Dose Conversion Factor for
thyroid CDE. The exposure rate (mR/hr) that
corresponds to an inhalation dose rate
(mrem/hr).

Method M.2.1

ECFy

(mR/hr)(uCi/m?)

Deposition exposure conversion factor. The
exposure rate at 1m AGL from 1 pCi/m2
deposition of nuclide i.

Table 3.4

EDCFp

mrem/(mR/hr)

Intermediate Phase Exposure-to-Dose
Conversion Factor. The ratio of the dose
during the Intermediate Phase from deposition
to the exposure rate at 1 m AGL.

Method M.4.5.B

fe

Fraction of the cow's diet that is contaminated.
HHS (EPA92) and this manual assumed one.

(uCi/L)/(uCilday)

Transfer factors for nuclide i for cow's milk.

Table 5.6

FRF,

Fire release fraction nuclide i.

GCF

Ground Concentration Factor.

GRCF

Ground Roughness Correction Factor (0.7) —
corrects an external exposure or dose rate
projected for deposition on a plane surface to
actual ground surface.

Table 3.4

mrem

EDE external dose from air submersion for
nuclide i.

Method M.3.2

mrem

CEDE from inhalation for nuclide /.

Method M.3.2

mrem

EDE external dose from ground shine for
nuclide i.

Method M.3.2

ft

Height.

mR/hr or mrem/hr

Intensity (exposure or external dose rate).

Method M.3.5
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Parameter

Unit

Description

Manual Reference

L

ft

Length.

LEW

mrem

Emergency Worker Dose Limits.

Table 2.1

LDCFp

(mrem)/(uCi/m?)

Intermediate Phase Deposition-Level-to-Dose
Conversion Factor for the period of interest

Method 4.5.C

MC

m/ft®

Metric Conversion.

OF

Occupancy Fraction. Fraction of time in the
area with the shielding factor (SF)

PEP

mrem

The dose threshold used by the state for the
Early Phase PAG. A state may use the EPA
PAG or set its own. The EPA PAGs are 1,000
mrem TEDE and 25,000 mrem CDE to the
thyroid from the plume and 96 hours (four
days) of ground contamination.

Table 3.2

F)Ing

mrem

Ingestion PAGs. HHS recommends two
different Ingestion PAGs. One for the CEDE
and another for individual organs. They are
listed in Table 5.1.

Table 5.1

Pr

mrem

The dose threshold used by the state for the
Intermediate Phase Relocation PAG or Long-
Term Objectives. The EPA recommendations
are shown below.

Period Pr(EPA) Definition

1styear 2,000 mrem PAG

2nd year |500 mrem Long-Term Obj.

50 year 5,000 mrem Long-Term Obj.

Table 4.1

Q

uCils

Release rate (source term) of nuclide /.

Retention factor is the fraction of deposition
that is retained on the crop.

Table 5.9

RF

Reduction Factor is the fraction of the
contamination remaining after decay or some
process used to reduce the contamination
before food is released for consumption. No
credit is given in this manual for any process
used to reduce the amount of contamination
in food.

Methods M.5.6 and
M.5.10

Resuspension factor used is from NCRP99
and is described as follows: 10° m™ for the
first day; then declining as 10°%/t, where tis
time in days, for times from 1 day to 1000
days; and is constant at 10 for times greater
than 1000 days or use methods M.3.8 or
M.4.7 to calculate based on samples.

Chart 4.1, Methods
M.3.8, and M.4.7

SF

Shielding Factors.

Tables 3.7 and 3.8

SICF

S| units Conversion Factor

Tables 3.3 and 3.4

SpA,

uCi/g

Specific Activity of nuclide /.
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Parameter

Unit

Description

Manual Reference

Tq

hr, days

Time food is held up before consumption.

Ted

hr

Exposure duration in hours not corrected for
decay. For plume exposure, use the
estimated release duration or four hours
(average wind persistence in United States)
and for ground exposure or resuspension use
96 hours.

t;

days

Time to market. The period of time from when
a radionuclide is in an animal’s feed or forage
to when the milk is available for consumption.

TEPeepi

Eff. hours

Early Phase Effective Exposure Period.
Effective exposure hours for nuclide i in four
days considering decay. See Table 3.9 notes
for derivation.

Table 3.9

TIPeepi

Eff. hours

Intermediate Phase Effective Exposure
Period. Effective exposure hours for nuclide i
in one year considering decay. See Table 4.6
notes for derivation.

Table 4.6

hr

Mean life is the reciprocal of the radioactive
decay constant (A). For ingestion, it is the
time that multiplied by the initial dose rate
gives the total dose received assuming the
food is consumed forever and no other
process (e.g., weathering) other than decay is
considered

T =1/A~T,, x1.44

Table 1.1

hr

Mean effective half-life assumes both
radiological decay and weathering are acting
to reduce the radioactivity on a crop. (Tpe) is

Tme =T, x 1.44
where
_ TI/Z X T'w

=
T;/Z +Tw

hr

Weathering half-life. T,, of 14 days may be
assumed for foods harvested on a daily basis
(EPA92).

T1/2

hr

Nuclide i radiological half-life.

Table 3.9, Table 4.6,
and Table 1.1

TEDEgp

mrem

TEDE for the Early Phase. It includes
external and inhalation dose from the plume,
four days of ground shine, and CEDE for
inhalation of four days of resuspension.

Method M.3.2

TEDE;p

mrem

TEDE for the Intermediate Phase. It includes
external dose from ground shine and CEDE
for inhalation from resuspension during the
1st-, 2nd-, or 50-year periods.

Method M.4.5
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Parameter Unit Description Manual Reference
TEODorgan mrad Total Early Organ Dose for projecting the Method M.3.2
potential of early health effects. The organs
considered here are:
red bone marrow (RBM),
small intestine — for gastrointestinal tract
(GI),
lung, and
thyroid
U m/s Average wind speed.
Ucow kg/d or L/d Ingestion rate of fresh forage or water by Table 5.9
COWS.
Upirt m?/d Human ingestion rate for surface Method M.5.11
contamination in m?/d, assume 6E™ m?/d.
Us kg/d or L/d Consumption rate. It is the amount of a food f | Table 5.7
consumed by the population of interest.
UAF m? Effective area grazed by a cow in a day. Table 5.9
Wit g Weight.
Y kg/m? Productivity. Fresh weight of the food Table 5.9

produced per square meter of land. Two
kilograms per square meter is assumed.
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APPENDIX E. DATA DICTIONARY

Adm_Flag.db

Field Name Definition Data Type Data Size
Flag Abbreviated flag descriptions: Alpha 6

Ass, Ques, Raw, and Ver
Description Flag description Alpha 30
Cf-Type.db
Field Name Definition Data Type Data Size
CF-Type Surface type such as grass, gravel, asphalt, etc. Alpha 25

Loc-data.db

Field Name Definition Data Type Data Size
Location Description Location description Alpha 64
Latitude Decimal Degrees The team specifies the location’s Number

latitude in decimal degrees for
each measurement and sample taken

Longitude Decimal Degrees The team specifies the location’s Number
longitude in decimal degrees for
each measurement and sample taken

Lat Decimal Minutes The team specifies the location’s Alpha 24
latitude in decimal minutes for
each measurement and sample taken

Long Decimal Minutes The team specifies the location’s Alpha 24
latitude in decimal minutes for
each measurement and sample taken

Teamtype.db
Field Name Definition Data Type Data Size
TeamType Hand Held or Mobile unit Alpha 32

Team_ins.db

Field Name Definition Data Type Data Size
Team_ Name The name of the team Alpha 15
Teamdate The date the team when out to the field Date

Instrument The instrument the team used Alpha 12
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Team.db
Field Name Definition Data Type  Data Size
Team Name The name of the team Alpha 15
Teamdate The date the teams were formed Date
Team Leader The person in charge of the team Alpha 40
Start Date The team’s start date for reading DataPts Date
Start Time The team’s start time on the actual DataPt Time
End Date The end date on the Data point readings Date
Teamtype Could be a Hand Held or Mobile unit Alpha 32
Surf _typ.db
Field Name Definition Data Type  Data Size
Surface Type Surface types such as gravel, asphalt, etc. Alpha 15
Samples.db
Field Name Definition Data Type Data Size
Event The name of the exercise or real world event Alpha 64
Location_Description The name of the location from where Alpha 64

the sample was taken
Latitude_Decimal_Degrees The team specifies the location’s Number

latitude in decimal degrees for

each measurement and sample taken
Longitude Decimal Degrees The team specifies the location’s Number

longitude in decimal degrees for

each measurement and sample taken
Key Team The name of the team that took the samples Alpha 15
Teamdate The date the sample was taken
Samp_typ.db
Field Name Definition Data Type Data Size
Sample_type Air filter types: 2, 4, and 8x10 inches Alpha 20
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Msmt_un.db
Field Name Definition Data Type Data Size
Msmt Unit Measurment units: mR/Hr, uR/Hr, etc Alpha 15
Inst_typ.db
Field Name Definition Data Type Data Size
Instrument type The name of the instrument used to take Alpha 20
the measurement value of a specific area
Sample type Sample types such as depostion, in-situ, Alpha 20
exposure,and tissue equivalent
Types of detection Types of detections: beta, gamma Alpha 20
alpha, neutron, kinetic impactor, etc.
Description The instrument description Alpha 35
Inst.db
Field Name Definition Data Type Data Size
Key Instrument The instrument number Alpha 12
Instrument type The name of the instrument used Alpha 20
to take the measurement value of
a specific area
Filters.db
Field Name Definition Data Type Data Size
FilterSize Filter size: 2” air flat, 8°x10”, or 4 cm Alpha 32
StartTime Start time of the measurement Timestamp
EndTime End time of the measurement Timestamp
StartRate The start rate Number
EndRate The end rate Number
TotalVolume Displays the total volume Number
Msmt.db
Field Name Definition Data Type Data Size
Meas_Type Sample types: deposition, in-situ, exposure, Alpha 20
and tissue equivalent
Log Number The number found on each of the data Alpha 16
acquisition form
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Meas_CF Surface types: asphalt, grass, gravel, dirt, Alpha 25
soil/brush, etc.
Event The name of the exercise or real world event Alpha 64
DataCenterFlag States whether a record was imported Logical
ReleaseFlag States whether the record has been Alpha 6
released to the FRMAC director
CrossCheck States whether the record has been Alpha |
cross checked with the field log
DataEntry The data entry clerk’s name Alpha 40
Key Team The team’s name Alpha 15
Teamdate The date the team took the readings Date
Location_Desc The location from where the team took Alpha 64
the measurements
Latitude Decimal Degrees  The team specifies the location’s Number
latitude in decimal degrees for
each measurement and sample taken
Longitude Decimal Degrees The team specifies the location’s Number
latitude in decimal degrees for
each measurement and sample taken
Lat Decimal Minutes The team specifies the location’s Alpha 24
latitude in decimal degrees for
each measurement and sample taken
Long_Decimal Minutes The team specifies the location’s Alpha 24
latitude in decimal degrees for
each measurement and sample taken
Key_Instrument The instrument number Alpha 12
Instrument Type The name of the instrument used Alpha 20
to take the measurement value of
a specific area
Meas_Date The date the measurement was taken Date
Meas_Time The time the measurement was taken Time
Meas Value The exposure/count rate obtained from Number
a specific location
Meas_Value Units The measurement units such as Alpha 15
uCi/mz, uR/Hr, mR/Hr, etc.
Normalized Value The measurements value converted Number
to normalized value
Normalized Value Units The measurement value units normalized Alpha 15
to another unit of measurement
Samples States if a sample taken Alpha 3
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APPENDIX F. EARLY HEALTH EFFECTS AND DOSE GUIDANCE

REAC/TS Input to FRMAC Assessment Manual

1. How should we best define early effects? The intent is to capture deterministic morbidity
effects, not just prompt acute effects.

There is no universally agreed time period for “acute” effects. The REAC/TS Registry uses 60
days for death as an endpoint; Guskova et al. (2001) classify “acute radiation sickness” as that
occurring within 3 days of exposure; Mettler and Guskova (2001) state that all forms of acute
radiation syndrome manifest themselves within 30 days after exposure. For deterministic effects
on tissues, Rubin and Casarett (1968) identified acute effects as those occurring within the first 6
months after exposure. Based on the fact that almost all effects, including those arising from
local skin irradiation, will manifest to at least some degree, within 30 days after exposure, we
recommend that “early effects” be defined as those occurring within 30 days of exposure. It
should be noted however, that some deterministic effects, even to the point of lethality, might not
manifest within this time period. One such example is radiation pneumonitis, which typically
develops 3 to 6 months after absorbed doses of at least 4 Gy to the lung.

2. What is the proper dose commitment period? Is there more than a single period?

This question refers to the calculation on internal dose following intake of a radionuclide. The
standard period for occupational radiation protection is 50 years. Although this could be used
(and would in most cases be extremely conservative) it has the potential to create much
confusion. The occupational dose quantities computed for fifty years are called the committed
organ dose equivalent (CODE) and the committed effective dose equivalent (CEDE). Neither
quantity should be used in the context of acute, early, deterministic health effects, because both
include the quality factor, which is specific for stochastic effects, and the latter includes the
tissue weighting factors, which are also specific for stochastic effects. (In addition, because the
quantity total effective dose equivalent, TEDE, includes the CEDE, it should not be used in this
context either.) Because internal doses are prolonged following an intake, however, it seems
reasonable to use 30 days as the integration period for consistency with the time frame for
defining early effects. There does not seem to be any significant advantage to including
integration times of 1 or 4 days in any table, but a 50-year committed organ dose (not dose
equivalent) could be included for reference.

3. What are the relevant end points in terms of dose type and commitment periods?
We propose the following end points and associated dose quantities:

a) acute radiation syndrome (hematopoietic effects), i.e., suppression of bone marrow
function. The dose to be computed is the absorbed dose to red marrow, which will
comprise the external dose from penetrating radiation, and the 30-day “committed” organ
dose to red marrow from intakes of radionuclides.

b) acute radiation syndrome (gastrointestinal effects). The dose to be computed is the
absorbed dose to the small intestine, which will comprise the external dose from
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d)

penetrating radiation, and the 30-day “committed” organ dose to the small intestine from
intakes of radionuclides.

“cutaneous syndrome” (radiation burns to skin). The dose to be computed is the
“shallow” dose (i.e., the absorbed dose at a depth of 7 mg/cm? [70 um] in tissue) from
external penetrating radiation and radioactive contamination on the skin.

thyroid damage. The dose to be computed is the absorbed dose to the thyroid, which will
comprise the external dose from penetrating radiation, and the 30-day “committed” organ
dose to the thyroid from intakes of radionuclides (radioiodines).

lung damage. The dose to be computed is the absorbed dose to the lung, which will
comprise the external dose from penetrating radiation, and the 30-day “committed” organ
dose to the lung from intakes of radionuclides. (However, it is difficult to imagine a
reactor scenario in which a lung dose capable of causing severe health effects could be
received without significant thyroid and whole-body doses also being incurred. If the
manual is intended to apply also to atmospheric releases of alpha emitters, e.g., a
plutonium fire, then in that case, lung dose may predominate. Also, if such scenarios are
to be included, then for completeness the dose to bone surfaces should also be calculated,
but severe effects on bone are highly unlikely, and may be neglected, since lung effects
following inhalation will occur first and be more severe.)

For the case of the lung, if inhalation of alpha emitters occurs, an RBE factor of ten should be
applied to the absorbed dose to the lung (Peterson, 2001; Smith and Stather, 1976). However,
the units to be used remain rads or Gy, although an asterisk or other indicator may be used to
identify the fact that the absorbed dose has been multiplied by an RBE. Because there are no
human data from which to determine the appropriate RBE, we must rely on animal models.
There does not appear to be any need for an RBE to be applied to the red marrow, small
intestine, skin, or thyroid absorbed doses, since the dose contributions of alpha emitters to these
organs are negligible. There is no agreement on an RBE for bone surfaces, and the data from
radium in humans and animals, and transuranics in animals, are based on absorbed dose (rads,
Gy) to bone surfaces.

4. What are the thresholds for the doses corresponding to the above end points?

a)
b)

©)
d)
e)
f)

hematopoietic syndrome: 50 rad (0.5 Gy) for marrow depression

gastrointestinal syndrome: 50 rad (0.5 Gy) for vomiting, 100 rad (1 Gy) for diarrhea, 800
rad (8 Gy) for lethality

skin: 200 rad (2 Gy) for transient erythema

thyroid: 300 rad (3 Gy) for hypothyroidism

lung: 600 rad (6 Gy) for pneumonitis (including RBE for alphas)
bone: 1000 rad (10 Gy) for osteonecrosis

These values are taken from Mettler and Upton (1995).
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5. How should the doses be computed? Because time is critical, detailed computations may be a
liability.

The dose calculation algorithms in the current manual should serve as models. All the
penetrating (external) radiation doses can be calculated from measured (or calculated) dose rates
from the plume, air submersion, and ground deposition times exposure time; all the internal
doses can be computed from measured (or calculated) atmospheric concentrations, breathing
rate, and exposure time. Skin dose can be calculated from measured external dose rate and skin
contamination level times exposure time. Note however, that EDE and TEDE should not be used
for early health effects, as in Methods M 3.0 and M 3.0 A [Note: these method numbers refer to
the 1996 version of the Assessment Manual. In this manual the corresponding methods are
M.3.0 and M.3.1]. For actions to prevent delayed health effects, then EDE and TEDE are
appropriate.

6. What is (are) the references that can be cited?
See below.
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APPENDIX G. DOSE COEFFICIENTS FOR ACUTE HEALTH EFFECTS

The absorbed dose (Gy) following the inhalation intake of a unit activity (1 Bq) of various
radionuclides has been tabulated for the reference adult. Values of the absorbed dose per unit
intake (a dose coefficient) are given for time periods of 1, 4, and 30 days for both low and high
LET (linear energy transfer) radiations emitted by the inhaled radionuclide and any radioactive
decay products that form in vivo. Coefficients were tabulated for the lung, active (red) marrow,
small intestine, thyroid, and skin, which are the tissues of concern for acute (or early) health
effects.

The absorbed dose coefficients were derived from the absorbed dose rate file archived on the CD
supplement to Federal Guidance Report 13 (EPA 2000). That archive contains files of the age-
dependent absorbed dose rate (low and high LET) for each organ/tissue as a function of time post
an acute intake by individuals of age 3-months, 1-, 5-, 10-, 15 year, and the adult. We briefly
discuss here the basis for these values and refer the reader to Federal Guidance Report 13 for a
detailed discussion.

In FGR 13 age-specific biokinetic models are used to calculate the time-dependent inventories of
activity in various regions of the body following an acute intake of a unit activity of a
radionuclide. The biokinetic models used in the calculations, with a few exceptions, are the
same as those applied by the International Commission on Radiological Protection (ICRP) in its
development of age-specific dose coefficients for inhalation or ingestion of radionuclides by
members of the public (ICRP 1989, 1993, 1995a, 1995b, 1996). Age-specific dosimetric models
were used to convert the calculated time-dependent regional activities to absorbed dose rates in
the tissues of the body as a function of time post intake. The dosimetric models used in this
calculation are the models used in the ICRP’s series of documents on age-specific dose noted
above. The absorbed dose rate for LET component j at time #, D, ; (@), is given by

Df,j(t)zz qS(t)'SE(T<—S)j

Where g5 (2) is the time dependent activity present in region S and SE(T <——5); is the absorbed

dose rate in target 7 for LET component j per unit activity in S.

The respiratory tract model of ICRP Publication 66 (ICRP 1994) was used in the calculations.
Particulate matter was characterized by an activity median aerodynamic diameter (AMAD) of 1
um. Calculations were performed for all three default absorption types (Type F, M, and S
denoting fast, moderate, and slow rates of absorption from the lung) and also vapor or gaseous
forms when indicated.

The model of the gastrointestinal tract applied in FGR 13 was that originally formulated for
occupational intakes (ICRP 1979) but also applied to environmental intakes of radionuclide by
members of the public (ICRP 1989, 1993, 1995a, 1995b, 1996). The absorption of nuclides from
the tract was based on guidance specifically for members of the public as described in the ICRP
reports.
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With the two exceptions noted below, the systemic biokinetic models are those applied in ICRP
Publication 72 (1996). For 31 of the elements, the systemic biokinetic models were developed
specifically for members of the public and age-dependence was not reflected in the models for
the remaining elements. The age-dependent models frequently included a more detailed
treatment of the behavior of decay products formed within in the body. The two exceptions from
ICRP Publication 72 noted above were actinium and protactinium, which in FGR 13 were taken
to follow the biokinetics of americium and thorium, respectively.

Data on the absorbed dose rate (low and high LET) for each organ/tissue as a function of time
post an acute intake by the adult were obtained from the archived file on the Federal Guidance
Report 13 CD (EPA 2000). The data resides in the compressed file INHALE.ZIP in the folder
DOSE on the CD. The dose rate data for the lung, active (red) marrow, small intestine, thyroid,
and skin were then integrated over the time periods of interest. Absorbed dose values for both
the low and high LET components were tabulated. A smoothly varying spline function was
fitted to the integrand (the absorbed dose rate) and the straightforward integration of the spline
function was preformed (Fritsch and Carlson 1980).
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APPENDIX H. UNIT CONVERSION TABLE

RADIATION
Absorbed Dose: 100 rad 1 Gy
Dose Equivalent: 100rem = 1Sv
Activity: 1Ci = 3.7x10" dps =37 GBq
1Bq = 1dps=27pCi
1Y _3.7510" M 1HCT_ 1000 2<"
Bg Ci kg g
1(mrem/yr)z().lm (rem/ hr) 1gzlluC'izlmCi
(uCi/m*) (Ci/m*) m’ cm’
PHCL_ g0 2L
m km cm
Dose Equivalent Activity
rem sievert curie becquerel
0.1 mrem 1 pSv 1 pCi 37 mBq
I mrem ——f— 10 pSv 27 pCi —1— 1 Bq
10 mrem ———— 100 pSv (0.1 mSv) 1 nCi —F— 37 Bq
100 mrem === 1 mSv 27 nCi —— 1kBq
500 mrem ——f— 5 mSv I pCi —1— 37kBq
1 rem —— 10 mSv 27 uCi —t— 1 MBq
5rem —f— 50 mSv 1 mCi —4— 37 MBq
10 rem ——g— 100 mSv 27 mCi —3— 1GBq
25 rem =——f— 250 mSv 1 Ci =—4— 37GBq
50 rem ——f— 500 mSv 27 Ci —1— 1TBq
100 rem ———— 1 Sv 1 kCi —f— 37TBq
27 kCi 1 PBq
Absorbed Dose IMCi =——— 37 PBq
100 rad = 1 Gy (gray)
SI Units Prefixes
E exa 10" M mega 10° p micro 10°
P peta 10" k kilo 10° n nano 107
T tera 10" c centi 107 p pico 107"
G giga 10° m milli 10°
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TIME

1 wk =168 hr = 10,080 min = 604,800 sec
1 yr= 18,760 hr = 525,600 min = 31,536,000 sec

LENGTH

1 in=2.540 cm

1 ft=30.48 cm

1yd=0.9144 m

1 nautical mi = 1.151 statute mi

I m=39.37 in=3.281 ft = 1,094 yd

1 km = 3,281 ft = 0.6214 statute mi = 0.5399 nautical mi
1 statute mi = 5,280 ft = 1,760 yd = 1.609 km

1 nautical mi = 6,076 ft = 2,025 yd = 1.852 km

VELOCITY

1 m/s = 3.281 ft/sec =2.237 mph = 1.943 knots

1 mph = 1.609 km/h = 0.8688 knots

1 mph = 1.467 ft/sec = 0.4469 m/sec

1 km/h =0.6214 mph = 0.5399 knots

1 km/h =0.2778 m/sec = 0.9114 ft/sec

1 knot =1.151 mph = 1.689 ft/sec = 0.5144 m/sec

AREA

1 in® = 6.452 cm® = 0.006944 ft*

1 cm® = 0.1550 in*> = 0.001076 ft*

1 f#=929.0 cm®=0.1111 yd?

1 m*= 1,550 in* = 1.196 yd*

1 yd* = 1,296 in* = 0.836 m’

1 acre = 43,560 ft* = 4,047 m” = 4,840 yd*

1 statute mi = 2.590 km? = 640 acres

1 km? = 0.3861 mi*> = 247.1 acres
=10°m*= 100 ha

1 ha= 100> m*>=10* m? = 2.471 acres
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VOLUME

1 £=1,000 cm’ = 0.001 m’

1 £=1.057 qt = 0.2642 gal = 0.2642 fl oz
1 £=61.02 in’ = 0.03532 ft’
lgal=4qt=8pt=128 fl oz

1 gal =3.785 £=10.003785 m’ = 3,785 cm’
1 gal =231.0in® = 0.1337 ft’

1 gal (liquid) = 0.8594 gal (dry)

1 ft* = 7.481 gal = 1,728 in’ = 28.32 ¢

1 m® =264.2 gal = 35.32 ft* = 61,020 in®

1 acre_ft=43,560 ft’ = 325,853 gal = 1,233 m’
1 bu=1.244 ft’ = 8 gal (dry) =35.24 ¢

1 bbl = 5.615 ft® = 42 gal = 1590.0 ¢

FLOW RATE

1 cfm = 0.4720 ¢/sec = 448.9 gal/hr

1 ¢/sec =2.119 cfm = 15.85 gal/min

1 m’/hr = 0.2778 ¢/sec = 0.5887 cfm
1 gal/min = 0.2271 m’/hr = 8.022 cfim

WEIGHT

11b=0.4536 kg

1 kg=2.2051b=35.37 oz

loz=2835¢g

1 ton (US) =2,000 Ib

1 ton (US) = 0.9072 tons (metric)

1 metric ton = 1.1023 tons (US) = 2,205 1b
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TEMPERATURE

1°C = 1.8°F = 1°K (size)
0°C = 32°F = 273°K (value)
100°C = 212°F = 373°K (value)

°K =°C + 273
°F = (1.8 x °C) + 32
oo ((F-32)
1.8
DENSITY
& _1000 X& —0.03613 2 —62.43 2
cm’ m’ in’ ft
1 1% _0.0005787 2 —16.018 kg =0.01618 =
ft’ in’ m
1 kg/t=1 g/em’
PRESSURE
latm = 14.696 12 = 101.33 kPa=1.0133 bar
1n
= 760 mm (Hg) =29.92 in (Hg) = 33.903 ft (H,0)
| psi = 6.8947 kPa = 68,947 dyne
cm
I kPa = 014503 psi = 10° 2/
cm

Pa = N/m” = kg/m sec’

FORCE

1 Ib (wt) =4.4482 N =453.59 g (wt) = 32.174 poundal

1 poundal = force that would give a free mass of one pound an acceleration of one foot per

second per second

= 0.03108 Ib (wt)
Nz K8 T =0.22481 Ib (wt) = 10° dyne
SEC
gC
1 dyne = =0.0010797 g (wt)
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ENERGY

1J = INm=10"ergs=1W-sec=1VC
73,756 ft-1b = 0.2389 cal = 9.481 x 10 Btu
2.778 x 107 kW-hr = 3.725 x 107 hp hr
1 cal =4.1868 ] =3.968 x 10~ Btu
1 kW-hr = 3,413 Btu = 1.3410 hp hr = 2.655 x 10° ft-Ib
1 £atm=101.3J=3.775 x 10” hp hr =24.21 cal
1 Btu = 1,056 J =252 cal = 0.2933 W-hr
1 amu=931.16 MeV = 1.492 x 107 J = 1.650 g (mass equiv.)
1 eV =1.60207 x 10"°J
1kt=1x10" cal =4.186 x 10" J=3.968 x 10° Btu
1 MWYE = 8.76 x 10° kW-hr = 3.153 x 10" J = 0.35 g (mass equiv.)
(all calories are gram calories)

POWER

1 kW =1.341 hp (mech.) = 1.340 hp (elec.)
1 W =3.414 Btu/hr = 859.2 cal/hr

1 hp (mech.) =745.7 W

1 hp (elec.) =746.0 W

1 Btu/min = 17.58 W

(all calories are gram calories)

FACTOIDS

Water Density = (1 g/cm’ at 4°C)
1 ft* = 7.48 gal = 62.4 Ib
1 gal=8.331b

Air Density (0.001293 g/cm’ at STP)
1 ft* =0.0807 Ib
1 m’=1.293kg

Avogadro’s Number
6.02252 x 10* per g-mole

Molar Volume
22.414 {/g-mole

FRMAC Assessment Manual, Volume 2

135



April 2003 Unit Conversion Table

This page intentionally left blank.

FRMAC Assessment Manual, Volume 2 136



April 2003

Glossary

APPENDIX I. GLOSSARY

The glossary contains definitions for terms and acronyms used in the manual.

Acute Health Effects
AGL
ALI
AMAD
AMS
ARAC
ARF
ARG
ASHG
BN
BWR
CDC
Child

Cloud Shine

CMRT

Committed Dose Equivalent
(CDE)

Committed Effective Dose
Equivalent (CEDE)

Concentration

See Early Health Effects.

Above ground level.

Annual Limit of Intake

Activity Median Aerodynamic Diameter
Aerial Measuring System

Atmospheric Release Advisory Capability.
Airborne release fraction

Accident Response Group

Accident Site Health Group

Bechtel Nevada

Boiling-Water Reactor

Centers for Disease Control and Prevention
A 10-year-old person.

Gamma radiation from radioactive materials in the air
(plume).

Consequence Management Response Team

The dose equivalent to a specific organ for 50 years
following intake (inhalation or ingestion). It does not
include contributions from external dose.

The sum of the dose equivalent for 50 years following
intake (inhalation or ingestion) of a radionuclide to each
organ multiplied by a weighting factor. CEDE is used to
estimate the risk from delayed health effects.

The amount of activity per unit of measure (volume, mass,
area, sample, etc.) considered for a sample.
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Critical

Critical

DAC

DCENT

Delayed Health Effects

Deposition
Derived Intervention Level

(DIL)

Derived Response Level
(DRL)

DOD
DOE

Dose Conversion Factor
(DCF)

DOT

Most important source of dose, the most important organ,
or the most important group of (potentially) exposed
population. That is, effects will be dominated by this
source of dose or effects (e.g., deaths) will occur first as a
result of exposure to this organ or population (e.g., infants)
when exposed to radiation through a certain pathway.

Most important source of dose, the most important organ,
or the most important group of (potentially) exposed
population. That is, effects will be dominated by this
source of dose or effects (e.g., deaths) will occur first as a
result of exposure to this organ or population (e.g., infants)
when exposed to radiation through a certain pathway.

Derived Air Concentration

Computer database maintained by the FRMAC Data Center

A wide range of cancers and hereditary effects that usually
occur many years after exposure. In contrast to early health
effects, it is assumed there are no dose thresholds below
which these effects do not occur.

The contamination found on the surface of the ground.

The concentration of a radionuclide in food derived from
the protective action guide and at which introduction of
protective measures should be considered.

A calculated value (e.g., exposure rate or radionuclide
concentration) that corresponds to an early health effect
threshold, a PAG, or a DIL. DRLs can be used to relate
environmental measurements or laboratory analysis to the
potential for early health effects or need for protective
actions. Used to facilitate prompt assessments.

U.S. Department of Defense
U.S. Department of Energy.

The dose equivalent per unit intake of a radionuclide
(mrem/pCi).

U.S. Department of Transportation
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DQO
DRL

Early Health Effects

Early Phase

Effective Dose Equivalent
(EDE)

Emergency Worker
Guidance

EPA

ESRI

External Dose

Facility Operator
FDA

FRMAC

GIS

GM

Groundshine

H&S

HHS

Data Quality Objective
Derived Response Level

Health effects that are likely to occur shortly after exposure
(hours, weeks) resulting from high doses over a short
period (acute doses) to specific organs and involve
thresholds below which these health effects are not
expected to occur.

The period of time that extends from the time the threat of a
major release is identified (before the release) until the
release or threat of major release has ended, and areas of
major deposition have been identified.

The sum of the dose equivalent from external exposure to
each organ multiplied by a weighting factor. EDE is used
to estimate the risk from delayed health effects. EDE rate
from air submersion and ground shine is assumed to equal
the exposure rate.

Guidance on the external dose and CEDE incurred by
workers (other than a pregnant woman) while performing
emergency services.

U.S. Environmental Protection Agency.
Environmental Systems Research Institute, Inc.

The dose of radiation received by an individual from a
source of ionizing radiation outside the body.

The organization that operates the facility.

U.S. Food and Drug Administration.

Federal Radiological Monitoring and Assessment Center.
Geographic Information System

Geiger-Mueller

Gamma radiation from radioactive materials deposited on
the ground.

Health and Safety

U.S. Department of Health and Human Services.
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Immersion
Infant

Intermediate Phase

IR
LANL
LET
LFA

Light-Water Reactor
(LWR)

LLNL

Marker Nuclide

MDA

Mix

NARAC
NDA
NNSA
NRC
NSA

Pathways

To be surrounded or engulfed by the radioactive cloud.
A child one year of age or less.

The period beginning after the release and potential for
further major release is over and reliable environmental
data are available for use as a basis for relocation and
ingestion protective actions. Usually one year of
deposition and 30 days of ingestion calculation.

Radionuclide Ratio

Los Alamos National Laboratory
Linear Energy Transfer

Lead Federal Agency.

A nuclear reactor that uses natural water as a coolant and
moderator. All U.S. commercial power reactors in the
United States are LWRs, as are the Russian-constructed
VVERs.

Lawrence Livermore National Laboratory

A nuclide contained in deposition or samples that is easily
identified in the field or laboratory. It is used to determine
areas of concern before performing a comprehensive
nuclide analysis.

Minimum Detectable Activity

The nuclide ratio (relative abundance) of the radionuclides
in a sample or deposition.

National Atmospheric Release Advisory Center
National Defense Area

National Nuclear Security Administration

U.S. Nuclear Regulatory Commission.
National Security Area

The paths radionuclides follow from the source through the
environment, including vegetation and animals, to reach an
individual or a population.
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Protective Action Guide
(PAG)

PPE
PWR

Quality Factor (QF)

RAP

Relative Biological Effectiveness
(RBE)

Resuspension

RF
RHU
RTG
RTM
SCA
SCBA
SI
SNL

SNM

The projected dose, from an accidental release of
radioactive material, where specific actions to reduce or
avoid dose are warranted.

Personal Protective Equipment
Pressurized-Water Reactor

The principal modifying factor that represents the
biological effectiveness of different radiation types with
respect to induction of stochastic effects. It is used to
calculate the dose equivalent from the absorbed dose. The
absorbed dose, expressed in rad or Gy, is multiplied by the
appropriate quality factor to obtain the dose equivalent

Radiological Assistance Program

The RBE of a given type of ionizing radiation is a factor
used to compare the biological effectiveness of absorbed
radiation doses (i.e., rads) due to one type of ionizing
radiation with that of other types of ionizing radiation;
more specifically, it is the experimentally determined ratio
of an absorbed dose of a radiation in question to the
absorbed dose of a reference radiation required to produce
an identical biological effect in a particular experimental
organism or tissue.

Reintroduction to the atmosphere of material originally
deposited onto surfaces.

Respirable fraction

Radioisotope Heater Unit

Radioisotope Thermoelectric Generator
Response Technical Manual.

Single Channel Analyzer
Self-Contained Breathing Apparatus
International System of Units

Sandia National Laboratories

Special Nuclear Material

FRMAC Assessment Manual, Volume 2

141



April 2003

Glossary

Stability Class

TNT

Total Early Organ Dose
(TEODorgan)

Total Effective Dose
Equivalent (TEDE)

Total Effective Exposure
Period

Turn-Back Guidance

USDA

Weathering

A class that describes conditions of atmospheric turbulence.
Classes are generally grouped into six classes ranging from
class A, very unstable, through class F, very stable.

Trinitrotoluene

Dose estimates used to determine if early health effects are
possible from dose to the indicated organ. The organs
considered in this manual are the small intestine, red bone
marrow, thyroid, and lung. Bone marrow is a critical organ
when considering deaths from LWR accidents. TEOD
projections in the manual include (1) EDE from air
submersion, (2) four days of EDE from ground deposition,
(3) early inhalation dose from the plume (dose to the organ
for 30 days after inhalation of the radioactive material), and
(4) early inhalation from four days of resuspension.

The sum of the effective dose equivalent (for external
exposures) and the committed effective dose equivalent (for
internal exposures). Dose projections used for comparison
with the EPA Early Phase PAG (EPA92), which is
expressed in terms of TEDE, include: (1) the EDE from air
submersion, (2) four days of EDE from ground deposition,
(3) the inhalation CEDE dose from the plume, and (4)
CEDE from inhalation of four days of resuspension.

The time span, considering decay, that will approximate the
integrated dose over a period of time when multiplied by
the dose rate at the beginning.

Guidance given to emergency workers indicating when
they should seek areas of lower exposure rate or potential.
This guidance is usually implemented via a DRL expressed
as an integrated dose reading on a self-reading dosimeter,
an exposure rate, or a deposition concentration indicating
that the emergency worker should leave the area where
further exposure is possible.

U.S. Department of Agriculture

Reduction of dose from deposited radionuclides (external
and resuspension) over time due to movement of
contamination below the surface or binding on surface
materials.
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Weighting Factors An estimate of the mortality risk from delayed health
effects arising from irradiation of a particular organ and
used to calculate CEDE and EDE.

Organ Weighting Factor®
Gonads 0.25

Breasts 0.15

Red Bone Marrow 0.12

Lungs 0.12

Thyroid 0.03

Bone Surface 0.03

Remainder 0.30

“Source: EPA8S (page 6)

WGPu Weapons-Grade Plutonium
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